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ABSTRACT 

The principle objective of this project was to investigate the 
effect of different ventilation parameters on the mean concentrations 
and the distribution patterns of atmospheric ammonia and carbon dioxide 
in an environmental chamber. The dimensions of this chamber represented 
a full scale section of a pig barn. Facilities were installed in the 
chamber for the simulation of sensible heat and gas production of 
twenty pigs. The independent variables used were ventilation rate, 
outlet height, heat condition, distance from inlet and height from floor. 
The variable heat condition consisted of comparison of gas concentrations 
and distribution patterns with and without simulation of heat production. 
Sampling procedure involved collection of gas concentration and 
temperature data in a longitudinal plane within the chamber. 

Statistical analysis of the data showed that: 

ie No practical differences were found between the distribution 
patterns of carbon dioxide and ammonia. 

Zs All of the independent variables except heat condition were 
found to significantly affect the ammonia concentration. With 
carbon dioxide, it was found that all of the variables were 
eigniiicant. 

3. The low outlet height reduced the concentration of both gases 
under the isothermal heat condition. No practical effect of 
outlet height was found under non-isothermal heat conditions. 

4, Multiple regression analysis yielded a predication equation 
for both gas concentrations using ventilation rate as the 


independent variable. 
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Significant correlations for both gases were found between 
concentration and temperature. Concentration equations are 
peesenced@fonppothkgases at the three ventilation rates used 


using temperature as the independent variable. 


Si eacias itt - 
on on = ma = 
See et a ee 


>in ee Peay 


ACKNOWLEDGEMENTS 

The author wishes to express his appreciation to everyone involved 
in the preparation of this thesis. 

He is particularly indebted.to his supervisor, Professor J.B. McQuitty 
who has freely given his advice and guidance throughout the project. 
The advice of Dr. R.T. Hardin concerning the statistical content of this 
thesis is very much appreciated. The help of Mr. R. Weingardt in writing 
computer programmes for the processing of data is also acknowledged. 

Special acknowledgement is due to Mr. A. Blecha for his assistance, 
both in the construction of the environmental chamber and in carrying out 
the experiments. The assistance of Mr. E.J. Moriarty in preparing the 
drawings and graphs contained in this thesis, and of Mr. E. Buehler for 
his technical assistance is also appreciated. Sincere thanks is also due 
EOuMiss ub a oyMOnsstor thestyping Of this thesis. 

The author also wishes to thank his wife, Mary, for her encouragement 
and perseverance throughout the duration of his programme. 

Acknowledgement is also due to the Canada Department of Agriculture 
and the National Research Council of Canada for their financial support 


of this project. 


Ee wae 


creiwom .E 
sing we sevice soma ban soi, ts oy ig xine ae 


fe edt gitaveanes aibet .T.2 21 to solvbs 


sift tea tastTaco fséoiterss: 
.bedeiosaggs doum yrev 2k as y4 


giiviiey mi thispctol - A .aM-to afed ont 
bapbelvinios osls et stab 30 gokeasooaq exit soi semmergoTd 


,sornstatees eid sot SHoofh aA «aM oF oud ef tromagbslwontss Latosgé ion : 
7uG griyrse> ai bas, tedmecto Lesnemaotivas edt to mobtowsteaoo sft ak ae ee 
Led. .aM to soneteiees eT -esmoniregee HF 
tot talsdoud @ .aM to bes .ataedt aidt at bonistaoo adgsTg brs egaiwen | Ae 

.betpinetqgs oels ai sonpteieas fsotndoe? ue ) 
etesds etitt to gnigyt eds xt enomy2 a eaiM ot 


st goinegoerg ai yrusitoM 


eub oats =f siasdt 2teoct Ne 

; a 
siseegeWwoshs tod tot « Vite — 4 meds ot eadelw osfs todtus eft | f 
. SMB RROTG elit to agitswh air tywodguoutt ool 

etiitiveixgh te snsmiregel sbsasl) aft ot evb ozls eb ‘taemegbeLwomloA oy ; 
$4oqgue iidasalt xtert x03 sbsrin? to Ltomvo dbaseeei fsnoitsy ads B 
toetomg ebdt 


= 


TABLE OF CONTENTS 


LIST OF TABLES 

LIST OF FIGURES 

INTRODUCTION. . 

REVIEW OF UITERATURE - = 2 

2.1 Composition of Uncontaminated Air. 
2.2 Noxious Gases in Livestock Buildings. 
2.3 Noxious Gases Produced by Livestock. 


2.4 Noxious Gases Produced by Stored Waste. 


2.4.1 Anaerobic Decomposition of Slurry. 


2.4.2 Aerobic Decomposition of Slurry. 


2.5 Physiological Effects of Noxious Gases on Livestock. 


Pete CarDONn DOR LGGs ss) sauelsn oa 20s 
Db p.P AMeEeaeeG o 6 6 6 6G o c 
22 oO AMON Zas «6s 


2.5.4 Hydrogen Sulphide. 


2.6 Practical Problems Attributed to Noxious Gas 


Contamination of Farm Buildings. 


2.7 Distribution of Noxious Gases in Farm Buildings. 


2.8 Diffusion of Gases. 
OBJECTIVES , 
PREC WOMEN LAlie PROCEDURE CG. Coe se sale es Pe fer te 
opal — Wik yeahs life eS ES ans 
4.1.1 Environmental Chamber, . 
i i.2) Gas Ditfuston Units. 
4.1.3 Air-Conditioner, 


4.1.4 Noxious Gases, 


PAGE 


Vi 


BS ass, eo Hee oa Panter id Jooteavd ti cused mado eS 


a a 4 eT eee ae ee ewe 


4 ptt. aa 
Re tae «ee ey ood + STARE TO WEEN 
ets ete 8 tes re ak stk Doteateasanoid Yo wis teogee® Le. 


. 
* 


Ge eu erla ey > aAooteevid ck Seti ame meatal 8.8 


eS aes = aera afnee betot2 yd benwhaxt - 


ee ei i yin? to npisiebgqmosed sidotseuh I. 8 

= a _) @ Abt 
OPM Wels woe vo eas eS Ro no tt keoquoaa4 o idoreA $8.8 
a. + -Apot aay il ao 29260 euotxol “to ‘ajostia tsoigefoteyst iam 
rns chs ee We eet ee ee ebixoid nodasd Lf. ac i 

; ~ nih. 
| A ee mre are | lt eee vende DREe 
. an ee wes ond cinoma 0,5 | 
eee ee or SCE aoe Oey abingiud nagetbyy #28 

5? 7 


: - ; > 
a ere ie ae es 4 geist aw re neha? 


Py... + + +@gaiblivd met oi e6e50 eyoixow to dolmdinteit “Seo 2 


Be Ass ut. tke ee ee a ea 
ca - saveenen samt 
ee 


ve: 


a aie he 
2 Ce a 
ate: ; 


ets 


Bi 


DATA 


4, 


Bye 


2 


Ke! 


3 


Wer eUMencatlON. wy. soy bale. © © 5 + « 
Pend PROLGIOTOTS. sc ees gos «ss 
4.2.2 Temperature Instrumentation. 
4.2.3 Gas Analysers. 

4.2.4 Micromanometer- 


Neth OS ee oie s <a5 05) re Msn 


Yow calibration, or, Ventilation Rate - 


4.3.2 Start-Up Procedure. . 
4.3.3 Sampling Procedure... . 
4.3.4 Experimental Design. . . 
ANALYSIS AND RESULTS - 
Methods of Data Analysis +> += > 
5.1.1 Independent Variables: 
5.1.2.,Statistical Methods. 
5.1.2.1 Analyses of Variance 
5.1.2.2 Multiple Regression. 


Experiment I - Ammonia. 


5.2.1 Analysis of Variance Results for Ammonia . 


9.2.2 Temperature Data. 


5.2.2.1 Analysis of Variance Results for 


Temperature, 
Experiment II - Carbon Dioxide, 
5.3.1 Analysis of Variance Results 
for Carbon Dioxide. . 


.o1, eemperature: Datal. 


5.3.2.1 Analysis of Variance Results for 


Temperature. 


4.0 


43 


~45 


4.8 


o2 


noe 


aa. 


. a ; ey 
75 a SO cater 


wigs + len w ay ee ss tes = + 4 sebomnel: 2 


Ose ee + > + pits geatie Yo skein ae —_ 
it je: ede es re .ubeoosi qu-trst2 S.6.% | ie 


eet OS So Saree oT aaa b.8.H 

(Sy ee et es + BROT etmsmine@a  +-64? a 
* a ern) ae  @RIUaA GWA 2T2YIAWA ATAG 98) 
a . Bates eleyleak sted to ebodteM £2 
| rn er ara waldsine¥ tasbaegsbal 1.L.2 : 


a soosiasV to exaviscéA £.9.L.¢ 


aes oa , Se keeoged siqis ion &-8sL.2 | ' 
) ee Lb 1s eee = eam ie 


5.4 Multiple Regression. 


5.4.1 Regression Analysis for Ammonia. 


5.4.2 


5.5 Relationship Between Temperature and 


Regression Analysis for Carbon Dioxide: 


Gas Concentration. 


5.5.1 Temperature-Gas Concentration. 


DISCUSSION. 


6.1 Mean Concentration . 


Regression Analyses. 


6.2 Mean Temperature. . 


6.3 Multiple Regression Analyses. 


6.4 Temperature -Gas Concentration Relationship 


CONCLUSIONS . 


BISELOGRAPH Weeace ts 


APPENDICES. 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


APPENDIX 


VI 


PAGE 


56 


56 


58 


SS) 


200 


66 


73 


73 


lie 


eTh® 


Tg 


sie) 


80 


83 


84 


85 


86 


93 


100 


1S 


Si 


i anaeianaci c5)-yursacssnet es 


ai, coe wn eee 8 - abyierd sokeesigar ) 7 
5 ee ae I 
eR OR ec m6 26 8 vk ys woksstiaacned Geet 266 7 
ee oe oh hn Sores I rc 7 
Oe oa, vo eles Trae sod solaesiped si qetiue ea- = 
Se ee qitignottefe2 nokisisaeos02 est autetegmetT #38 i 
es ee a, | Ls + s SROT2OEINOD wee 
Sf se owe ee crn ; : _ YHIARDOLIAIA 8 

Bg a akok-s edge ie 4p Ale a Vee ee ae 23D 1GMST4A & 

8 I XTGMaIIA : 

28 {1 s1OHeReA on 

a8 TIT XtqnaqqA - 

ge vi xTawat9a 

oor V XTOM#aGA | 

cot LV XIGMETTA 

3 
r 


TABLE 


10 


His 


12 


13 


LIST OF, TABLES 


TITLE 


LIST OF VARIABLES, THEIR CODES, AND 
THE EEMELS OF EACHLUSED... .. . 

MEAN CONCENTRATIONS OF AMMONIA 

AT BOTH LEVELS OF OUTLET HEIGHT (0). 
MEAN CONCENTRATIONS OF AMMONIA AT 
BOTH LEVELS OF HEAT CONDITION (H). 
ANALYSIS OF VARIANCE - AMMONTA. 

MEAN TEMPERATURES AT BOTH LEVELS OF 
OUTLET HEIGHT (AMMONIA). 

MEAN TEMPERATURES AT BOTH LEVELS OF 
HE Ave CONDLTT ON GAMMONCA) mucus eos 
ANALYSIS OF VARIANCE - TEMPERATURE 
GAMMONIUA.) cethentoreiee souiee spennans! b: 

MEAN CONCENTRATIONS OF CARBON DIOXIDE 
ARSBOTH LEVELS OF. OUTLED, HEIGHT: .(0).. 
MEAN CONCENTRATIONS OF CARBON DIOXIDE 


AT BOTH LEVELS OF HEAT CONDITION(H) 


ANALYSIS OF VARIANCE - CARBON DIOXIDE. 


EFFECT OF OUTLET HEIGHT ON THE MEAN 
TEMPERATURE (CARBON DIOXIDE). . 
MEAN TEMPERATURES AT BOTH LEVELS OF 
HEAT CONDITION (CARBON DIOXIDE). 
ANALYSIS OF VARIANCE - TEMPERATURE 


(CARBON DIOXIDE). 


lv 


Apel 


5 eve 


34 


36 


40 


40 


4b 


3 


45 


-48 


53 


noe 


50) 


tas 
cans 10 1 ; onic 
ie ee 

a aaa pine ‘ve 
ies epee er ee es he 
: & vi 35 ior 


es), THIGH TaITUS, 70 2d8VEL HOS TA 
ag TA-ATHOMMA IO eHOLTAATHSONOD yas - 
- es 3%, 5 (a) WOITIGKOD TASH 10: 2aaved AIOE 
ee ee - (ATHOMMA.— GOMALAAV YO. 2LTSYaAWA 
40 ‘ajaVal HTOa TA SSAUTAARYNGT WAGM ° 
| oH ie ee ‘se 4 CATMOMMED THOLSH, TAATUO : 
) 70 2davad HOR TA egAUTAMAIMST “AGM »- 
* Oe. Par teas (ATMOMMAY KOTTTEMOD ‘TASH 
cmuvanaaudy ~ AOMATAAY 10 exeVaaMA 9 1m 
cl, Fe Peet re + © CATMOMMAD . 
_* ggrxora MoasAD 20 2HOTTARTHGOMOD MAH "sii 
wah» ain. eG (0) THOTAH/TAITUO 10 Saved HROR TA | 
GaTXOId WOsAAD- 10 ZnO EPARIMEONOD ASM 
SD oh? 505... ofPE> a0 (H)}WOLTICNOD TASH FO aravad HTGg TA 
Gu. . . +S . <aGEKOTG WoBsAD - SOMATHAY 40 212vaAMA 
| WAM HT MO. THOTAR TaaTUO 4o Toeaae ee 


Soe ee +o) CAOTROIE MORRAD) GAUTARSET 


| | ae ee ve 


7 « - 
a2 Gara @> hele fh ee ee See ae i 
2 ra a jy. > 


TABLE 


LE 


ts 


16 


Li? 


18 


nie 


20 


ean 


TITLE 


REGRESSION ANALYSIS RESULTS FOR AMMONIA. 
REGRESSION ANALYSIS RESULTS FOR CARBON 
NOL heuer (o) (eteMCE aE ny os oe ese 
TEMPERATURE GAS-CONCENTRATION REGRESSION 
ANALYSIS RESULTS FOR AMMONIA AT A VENTILATION 
PD ee ba OO Cl cece emen ME MROEr Gt Ts ss ce. sos, “ete 
TEMPERATURE GAS-CONCENTRATION REGRESSION 
ANALYSIS RESULTS FOR AMMONIA AT A 
VENTIGATION RATE OF 260 Cr. . 

TEMPERATURE GAS-CONCENTRATION REGRESSION 
ANALYSIS RESULTS FOR AMMONIA AT A 
VENTILATION RATE OF 549 CFM. 

TEMPERATURE GAS-CONCENTRATION REGRESSION 
ANALYSIS RESULTS FOR CARBON DIOXIDE AT A 
VEN PUG ACLON RAL ESO eLOOmCE Maus Bets meets 6 5l -s 
TEMPERATURE GAS-CONCENTRATION REGRESSION 
ANALYSIS RESULTS FOR CARBON DIOXIDE AT A 
VEND Ob AL OND RATE OF 2 OleCEMst sess -s 
TEMPERATURE GAS-CONCENTRATION REGRESSION 
ANALYSIS RESULTS FOR CARBON DIOXIDE AT A 


VENTOLATLON URAL OF SUSTCIM eT . 3s a 


e 


PAGE 


By) 


67 


68 


69 


swh®) 


47h 


eA 


80 


ed... 


1) 


EN betes 


€ 


rer ete eon 
YOsmAS AOI STAUeda zeta worgean@an 
ey a ee “as ee Sn 
te HOTIAATHIOUOD-BAD® 249 daTAaganat 
AOLTACITWSV. A TA ATKOMMA, 103 2RIUEER 2TSYIAMA 
Sega ea Ae ain : 
| woleagAgaa WoTTAATHIOUOD-BAD AAUTARSIMST 
A TA ATMOMMA 907 @Taueda eTevaAMA ¢ : 
ou eee 4 sW30-TaS Io STAR WORTAaT DEY : 
noleertoas HOT TAATHGONOD=!AS GAUTARSIMAT BL 


A TA ATMOMMA f0% eTIUed4 2I2y TAMA 


es _ MAD ea GO. STAX WOTTAIITHGV 


MOL22TANIA MOTTAATMAOMOD-2AD AAUTAKAIMAT 

A TA BOIXOIG WOSHASD HOT STUUeaA SreyaAMA ad s 
. a's eo + sMID COL FO FTAA WOTTAITTHAV by 

WOLZZAHOI NOITANTMADMOD=2AD. SAU TAMAAMAT 


A TA SQIXOTO HOGHAD HOT ETUDE, STAYGAMA 


ee oie ee M79 188 30 STAR MOTTAIETHRV 
AOL2zEAAT MOTTATTHAINOI-2A0 ARUTARIIMAT 
A TA aCIXO1G OBRAD HOT” eTavedA. STEYTAMA 


Ae ae .MiD eu2 40 STAT MOTTALTTMAY 


FIGURE 


LO 


Ath 


12 


ie 


14 


nee 


LIST OF FIGURES 


DLC we PAGE, 
PLAN OF THE ENVIRONMENTAL CHAMBER. 13 
LONGITUDINAL SECTION OF THE 

ENVIRONMENTAL CHAMBER. . 14 
INTERIOR VIEW OF THE ENVIRONMENTAL CHAMBER 

SHOWING THE 19.0" and 75.5" OUTLET POINTS. .... 15 
FAN AND CALIBRATION DUCT. .16 
Chom ip ous lONTUN, (a eeaeeaeeete ee .18 
DETAILS OF A GAS DIFFUSION UNIT. .19 
ROTAMETERS USED TO MEASURE GAS FLOW. ....... 21 
GAS ANALYZER AND SAMPLING PUMP. 128 
SCHEMATIC DIAGRAM OF NON-DISPERSIVE 

INFRARED GAS ANALYSER. 24 
LONGITUDINAL SECTION SHOWING THE LAYOUT 

OF THE SAMPLING POINTS. .28 
GAS AND TEMPERATURE PROBES INSERTED INTO TWO 

SEPARATE SAMPLING HOLES. 29 
GRAPH ILLUSTRATING THE EFFECT OF VENTILATION 

RATE ON AMMONIA CONCENTRATION. 33 
GRAPH ILLUSTRATING THE EFFECT OF DISTANCE 

FROM INLET ON AMMONIA CONCENTRATION. . ..... + 35 
GRAPH ILLUSTRATING THE EFFECT OF HEIGHT FROM 

FLOOR ON AMMONIA CONCENTRATION. 235 
GRAPH ILLUSTRATING THE INTERACTION OF 

VENTILATION RATE AND HEAT CONDITION 

(AMMONIA)... . 37 


vi 


, : 
7 ,* : 
w : 
. 
Be 
6. 


: cs ‘ pi 
x ; 
Ore y 


aSAMAW sATHoMnOA IVS SHT 10 Wa1V ROLABTHL 


‘ 

Wa Sees a eTuiod THITUO 72.20 bas "0.8L SHY OMEWOHE = 
ar ero tee oy ‘ToUd MOPTARSLIAS GMA MANA ce 
eee ree Se 2 sTEMO uondePaad eno on 
Meee co atte ea TIjg wOTZUVaLG ZAD A 70 SdtARSG a a - 
[s.. ' ate are WOLF 2AD ‘BRUZASM OT GdaU Baa taMATOR Bi ea 
[eae Ls QUT OMTIGMAS UMA AESYIAMA @AD 8 7 ae 

avI2ngie1d=On IO/MASOAIG OPTANGHI2 e 7 C ; 
Rae Sn dele Lee ee . « sAGOYEAWA, OAD GSHARTI - “ | 

TUCYAY SHT DWIWOHS WOLTOIe MANIOUT TOMS Of of 


D 


BS. ec ccc cold ue 4 oe -QRMRLOT OMIGIMAS: BUT FO 

OWT OTWI GETHI2H 2tg0Rd. TAVTAALIMAT GMA| BAS 

ee yin ley Sal 20H DWLIGMAS STARASHE 

WOITAILTMAY 40 TOSTaS ET QUITAATaMaT HaARD 

ee Fe sit : HOTTA TMS MOD. ee aTAi 
AMAT2IG: 70 rostag aHT OWT TAATeULAT Haase 


Be 0 acoh <8 Te Ath <MOLTARTHIOMOD. ceed ) 
MOH? THOISH 10 TOGTIa: br | 


: - Ge +p 


L = 4 o 
* 4 
ve Pe ee a re er a Sa ey, ole Ss i 


v— 
»o L 


FIGURE 


16 


aly) 


18 


ie) 


20 


Ze 


22 


23 


24 


25 


26 


P24) 


TIPE 


GRAPH ILLUSTRATING THE INTERACTION OF 
OUTLET HEIGHT AND HEAT CONDITION (AMMONIA). 
GRAPH ILLUSTRATING. THE EFFECT OF DISTANCE 
FROM INLET AND VENTILATION RATE (AMMONIA). 


GRAPH ILLUSTRATING THE INTERACTION OF 


Ala 


nei) 


39 


HEIGHT FROM FLOOR AND VENTILATION RATE (AMMONIA). 39 


GRAPHel LLUSTRATINGSTHESEPPEC).-0F 
VENTILATION RATE ON TEMPERATURE (AMMONIA). 
GRAPH ILLUSTRATING THE EFFECT OF DISTANCE 
FROM INLET ON TEMPERATURE (AMMONIA). 

GRAPH» TLLUSTRATING THE EFFECT OF HEIGHT 


FROM FLOOR ON TEMPERATURE (AMMONIA). 


GRAPH ILLUSTRATING THE EFFECT OF VENTILATION 


RATE ON CARBON DIOXIDE CONCENTRATION. 

GRAPH ILLUSTRATING THE EFFECT OF DISTANCE 
FROM INLET ON CARBON DIOXIDE CONCENTRATION. 
GRAPH ILLUSTRATING THE EFFECT, OF HEIGHT 
FROM FLOOR ON CARBON DIOXIDE CONCENTRATION. 
GRAPH ILLUSTRATING THE INTERACTION OF 
VENTILATION RATE AND HEAT CONDITION 
(CARBON DIOXIDE). 

GRAPH ILLUSTRATING THE INTERACTION OF 
OUTLET HEIGHT AND HEAT CONDITION 

(CARBON DIOXIDE). 

GRAPH ILLUSTRATING THE INTERACTION OF 
DISTANCE FROM INLET AND VENTILATION 


RATE, CCARBONEDIOXIDE). . . 


42 


- 42 


5 Une) 


47 


ae, 


OU 


ge0) 


Dil 


a oe ea 
2 ae 


50 WORTOASTIE aH. ecccailie aeme. a a 
Te...  CAIMOMMA) MOLTIGHOS TASH GWA ‘THOLGH TAdTUO 
soWATeTG 10 TOTRTE AH? OMIPANTAUMT HEAR 

ai we. mar onan HOTTATTTUAY GHA TAMU MONT 
40 MOLTOANSTML BHT OMTTAATAULIT HIAKD 

ob .CAIHOMMA) STAT HOLTAIITHAY GUA HOOT vor THOTGH 

40 TOHIIR AHT OMTTAMTEVIIT HIAKO 

ke . . . -GATHOMMA) GHUTARTIMET MO STAR WORTAITTHAY . 
aOWAT@la 10 TOSTIS- aHT OUITART2UGIT HIARO 08 

et BY wink (aTHOWMA) ‘smaTRATIMT, 0 ‘THIMI MOR 
THOIGH 10 TOWTTI GHT OMITANT2UdIT, Hist 

SH ro ~ is © + e€ATMOMMA) SAUTAAZIMAT HO 20012, MOAT 
MOLTALITHRY 10 TOLIIa ANT OuLTARTeUIIT HAAN _‘. «oe 


yl +, +. + . « sMORTAHTHSONOO SCIXOId vOsHAD YO ITAA ae 


evo? 6 


TSMATAIG IO TOBTIS Sv OMITWATLVALT HEARD 3 ee ie 


TH. . . -MOLTARTHSIUOD SATXOLA MOFFAT MO TasMl MOAI 
THDIaH 10 T9377a aT out TARTeUAET HEARD 

Cu: . . .MOTTARTAROMOD SOIXOIG MOBTAD UO. AOOTT MOAI 
410. WOITOAMTTUT ART BATTART2UddT. HIAAD as 7 

“MOTTIONOO TASH GMA ITAA. MOTTAITT MAY et 
en a ey re cau x0 oa) 
IO MOLTDAAATUT GET, SMPPAAT DIET uaada 


aah MOrTIaWOD TASH dich THOITH TEITO 


‘ 


” Nae iae a ee 
aHT OMITAR 1 SEARO 


FIGURE TITLE 


28 GRAPH ILLUSTRATING THE INTERACTION 
HEIGHT FROM FLOOR AND VENTILATION 
RADE CCARBONSULOKUDE yee 6 6. ee 

29 GRAPH ILLUSTRATING THE EFFECT OF 
VENTILATION RATE ON TEMPERATURE 
(CARBON <DLOXI DE) a.m ue) 

30 GRAPH ILLUSTRATING THE EFFECT OF 
DISTANCE FROM INLET ON TEMPERATURE 
GEAR E ONieD LOVE DE) )'ccnatemmer tems (to, os 

31 GRAPH ILLUSTRATING THE EFFECT OF 
HEIGHT FROM FLOOR ON TEMPERATURE 
COCARBON PDL OUGIDE) sn) ee sues 

32 GRAPH ILLUSTRATING THE RELATIONSHIP 
BETWEEN AMMONIA CONCENTRATION AND 
TEMPERATURE AT DIFFERENT DISTANCES FROM 
FLOOR INLET (165 CFM). 

33 AMMONIA CONCENTRATION AND TEMPERATURE 
RELATIONSHIP AT THE DIFFERENT HEIGHTS 
FROM FLOOR (165 CFM). 

34 GRAPH ILLUSTRATING THE RELATIONSHIP 
BETWEEN AMMONIA CONCENTRATION AND 
TEMPERATURE AT DIFFERENT DISTANCES FROM 
PROGR UNUet (260, CEM)... 

35 AMMONIA CONCENTRATION AND TEMPERATURE 
RELATIONSHIP AT THE DIFFERENT HEIGHT FROM 


PROURMG 2G INCE MD): (ee costs acento gp 


ra t - 
be . . + * ¢ * * » oe bes perae (8 =F + * 


7 pe . . * * . . . . . . . * . . * * 


bs. 


40 ‘TOaTIT HT SMTTAATAVIIT BAAR 

@RUTAREIMAT KO TAM MOAT BOMATSIA 

a ee wb ee oie ee + HRRGRRGEO MORAND) 
20 qoeraa dt OWITAATCUIIT HEAHO 
AAUTARTIMIT MO AOOMY MOAT THOTGH 

.CROTXOIG” WORAAD) 
QIHGUOTTAIZA HT OMITARTeUdIT HIAIO 

CWA WOTTARTHSONOD ATMOMMA WHaWTzE 

““yORy @aOMATCIO THEASTHIG TA GAUTAAS IMGT 
en wy a ee « 0) MIO BOE) “TAdUD BOGE 
| ZAGTAAISMAT CHA WOLTAATHSOHOD ‘ATMOMMA 
STHOIAH THAATTI1A sa ‘TAS SIE Mc TTAIIA 
Seve sg 08 WR 


aTHeOITAISH. aH, OUETAATAOMEL BOARD 
“MA nck ae eb 


¥ at ; 
: ae A 7 ve5 i coh eB qe 
0 - 
- f b ‘ Y a > 
- ; oh oe 25 BY 
a 
. - _ 5 
a ra £ : a 7 
TT TASTY ) \ 
¢. 
= 


FIGURE 


36 


37 


38 


39 


4.0 


41 


42 


Mee 
GRAPH ILLUSTRATING THE RELATIONSHIP 
BETWEEN AMMONIA CONCENTRATION AND 
TEMPERATURE AT DIFFERENT DISTANCES FROM 
PLOOR@O NED aC SEO RCEMcre.m cy 4 o\cc5. & ces 
AMMONIA CONCENTRATION AND TEMPERATURE 
RELATIONSHIP AT THE DIFFERENT HEIGHTS 
FROM FLOOR (549 CFM). 
GRAPH ILLUSTRATING THE RELATIONSHIP 
BETWEEN CARBON DIOXIDE AND TEMPERATURE 
AT THE DIFFERENT DISTANCES FROM 
NE te LOORCEM) amv. cue, ee nmemeer ian sey)". 
CARBON DIOXIDE CONCENTRATION AND 
TEMPERATURE RELATIONSHIP AT THE 
DIFFERENT HEIGHTS FROM FLOOR (165 CFM). 
GRAPH ILLUSTRATING THE RELATIONSHIP 
BETWEEN CARBON DIOXIDE AND TEMPERATURE 
AT THE DIFFERENT DISTANCES FROM 
UNTER O(261 CEM). 
CARBON DIOXIDE CONCONCENTRATION AND 
TEMPERATURE RELATIONSHIP AT THE 
DIFFERENT HEIGHTS FROM FLOOR (262 CFM). 
GRAPH ILLUSTRATING THE RELATIONSHIP 
BETWEEN CARBON DIOXIDE AND TEMPERATURE 
AT THE DIFFERENT DISTANCES FROM 


itv COUGR CEM) ems erumsl Somme sacs tes 


PAGE 


62 


02 


63 


64 


. 64 


65 


aL 


le 2%, 
tae 
oe as 
= i a 


Sd. e 


-€0. 


fd. . 


#3 <* 


#3. ‘ . 


— 


64a @% 7, -@ e28 


fon auh «kg ex2) TRIMT BOOTT 
GAUTASSGMAT CitA MOTTASTHGOHOO, ATHOMMA 
eTHOTaH ‘TMaRSTALG dHT TA @THOMOTTAIA 
CHD pee) ROOII MOAT 
qTHOMOTTAIGA ANT OMITAMTUdIL HIARD 
TAUTARTINAT CUA SGIXOIG MOMAAD, MaaWTdE 
| _ Mo#t 2soMaTeTa THAASTIIG SAT TA 
tbe es ee oe oS 2L). TEM 


QUA NOITAATHAIMOD FATXOTA WOSHAD 


qGHT TA IIH2MOLTAIAA SAVUTAASIMST 


(M39 2afL) HOOWI MONT @THOTSH Tusiatiid 


GiHevOITAIGA GHT OMTTAATAUGIT HIAKO 
GAUTARTIMIT THA SOTXOTG WORAAD VSPA 
Mong 2a0uATeta TWARaTiIG ZWT TA 

. +s o(89D, LAS) THIMI 
(IA MOTTAATHAOKOOUOD AQTXOTE MORAAD 
SHT TA SUNGHOTTAIGA, SaUTALaSNST 

(ig B88) AOOat MOAT aHeTaR ‘wana 


=", acon 


ALHBMOTTALIA sian pitetaatavay, eam 
SAUTARSINAT OMA ia ee ante, yagwrsa 


4 a _ 


“wT 


FIGURE TITLE 


43 CARBON DIOXIDE CONCENTRATION AND 


TEMPERATURE RELATIONSHIP AT THE 


DIFFERENT HEIGHTS. FROM FLOOR (549 CFM). 


PAGE 


65 


1. INTRODUCTION 

A continuous supply of uncontaminated air is a requirement for 
health and optimum performance of farm animals. Air contaminants are 
produced both by the animal and by factors within its immediate 
environment. Animals produce moisture and gases in exhaled air, dust 
in the form of tissue debris, and micro-organisms which possibly may 
be pathological. Air contaminants also include moisture and gases 
resulting from the evaporation and breakdown of faeces and urine, dust 
from feed or bedding, and micro-organisms which may multiply at a fast 
rate in an environment modified by the presence of animals. 

The production of these air contaminants does not present any 
problems to animals in their natural habitat. Natural air movement serves 
to dilute air contaminants and to transport them away from the immediate 
vicinity of the animal. Alternatively, if the animal senses an increase 
in the pollution of its micro-environment, it has the option to move from 
the contaminated zone. Under controlled atmosphere conditions, however, 
the situation is quite different. Many of the advantages of maintaining 
a thermal environment within the optimum range have, in some cases, been 
lost due to the presence of high concentrations of air pollutants. Under 
these enclosed conditions, animals do not usually have the option of 
moving away from a polluted micro-environment. 

Noxious gases present in the atmosphere of farm buildings have 
given rise to concern as a result of the odours they cause and because of 
their effect on the health and well-being of stock. The storage of 
slurry beneath slatted floors has created conditions which are conducive 
to the production of noxious gases. Deaths have occurred in cases where 


large quantities of these gases were released over a short period of time. 
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Problems also have been shown to occur in poultry houses under conditions 
of restricted ventilation. A number of ventilation systems have 
incorporated facilities for removal of specific gases that might cause a 
problem. Generally, these systems were based on the theory that heavy 
gases tended to accumulate near floor level while light gases tended to 
move from their point of generation to accumulate at higher levels. 

The main purpose of this investigation was to study the distribution 


of a heavy and a light gas under different conditions of ventilation and 


heat condition. 
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2.1 Composition of Uncontaminated Air 

The term uncontaminated air is probably in itself a misnomer as 
the composition of atmospheric air varies somewhat depending on the locale. 
However, an international body (16) has established the composition of dry 
air to be 78.09% nitrogen (N,)5 20.95% oxygen (0), 0.93% argon (Ar), and 
0.03% carbon dioxide (CO, ). Although the composition of air is arbitrary , 
this forementioned composition is regarded as exact by definition. 
2 i2 Noxious Gases in Livestock Buildings 

In addition to the components of clean air, the atmosphere of a 
livestock building contains varying quantities of ammonia (NH,), methane 
(CH).) > hydrogen sulphide (HS) and carbon monoxide (CO). Also, the CO, 
concentration of the atmosphere in such buildings is higher than that 
OPENe Bours! desdin (25 6.5)). 
2.3 Noxious Gases Produced By Livestock 

Carbon dioxide is the gas produced in greatest quantity by farm 
animals. The energy utilized by animals results from the metabolism of 
carbon-containing compounds. Carbon dioxide is one of the by-products of 
this metabolic process. This gas is carried from the cells via the venous 
system to the lungs where respiration takes place. Respiration involves 
the gaseous exchange between an organism and its environment (14). In this 
case, CO, in the blood is exchanged with the 0, of the inhaled air in the 


- 


lungs. The respired CO, is then voided by the animal with the exhaled air. 
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The CO, content of expired air varies with the species, level and type of 


feeding, scld irequency Ob respiration. lnegeneral the CO, content usually 


Z 


increases to 4 - 5%,while the 0, content is reduced to approximately 16% (14). 
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In addition to the CO, in the expired air, there is also an 


appreciable quantity produced by the fermentation taking place in the 
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m 
alimentary canal. Dukes (14) cites evidence to show that, for example, at 
least 10% of the CO, produced by goats originates in the alimentary canal. 
With dairy cows on a high plane of nutrition, the CO, produced as a result 
of fermentation can amount to 300 litres per day (8). The effect of 
environmental temperature and level of feeding on pigs of varying weights 
on the total CO, output has been studied by Fuller and cited by Baxter (5). 


2 


In general, CO, output was found to increase with higher liveweight, 


2 
increased level of feeding and decreased environmental temperature. 


Methane is produced in much smaller quantities than CO Lies 


> 
formed during the fermentation process in the rumen or gut. Significant 
amounts are produced by herbivores,especially ruminants. Small quantities 
have been found to be produced by adult pigs and man (8). While a portion 
of this is absorbed by the lungs and expired, the majority is voided by 
eructation. Blaxter (8) cites 300 litres of CH per 24 hours as being 
typical of cows and 50 litres per 24 hours for sheep. Due to the nature of 
eructation ,considerable variation exists in the rate of methane production. 
In general, the largest rates of excretion occur during feeding and with 
lower rates corresponding to periods of increased activity (8). 

Carbon dioxide and CH), are the only gases produced in significant 
quantities as a result of the animal's metabolic process. The remaining 
contaminant gases found within a livestock building are produced as a 
result of the decomposition of waste. 

2.4 Noxious Gases Produced by Stored Waste 

Noxious gases from animal waste create a serious problem where 
slurry is stored beneath a slatted floor. This system was thought to 
be the most economical method of storing slurry. However, subsequent 


experience has shown that gases produced as a result of the bacteriological 


decomposition of the slurry have given rise to problems in some instances. 
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In general, the quantity and type of gas produced varies depending on 
whether aerobic or anaerobic conditions exist in the slurry. 
2.4.1 Anaerobic Decomposition of Slurry 

The term "anaerobic digestion" is applied to a process by which 
organic material is decomposed biologically in an environment devoid of 
oxygen (12). This process is utilised for the treatment of the solid 
portion of domestic sewages. In undisturbed stored slurry, this anaerobic 
condition will occur below the level to which 0, can diffuse (12). The 
anaerobic micro-organisms which cause breakdown give rise to a specific 
combination of gases. The exact process of anaerobic decomposition in 
farm animal wastes is not yet certain, but it is unlikely to vary very 
Significantly from that of domestic sewage. Clark and Viessman (12) have 
described the process. During the liquefaction-stage, extracellular 
enzymes break-down the complex organic solids to simpler soluble compounds 
which are more easily utilized by bacteria. The by-products of this 
breakdown are volatile organic acids which lead to a drop in pH. At the 
end of this stage, decomposition of organic acids and soluble nitrogenous 
products commences. By-products of this decomposition are ammonia, amines, 


and some gases such as CO, » CHS bydresen (H,) and HS. The pH rises to a 


fu, 


level more favorable to bacterial growth. In addition, this second stage 


may produce H,S and other odoriferous compounds. The third stage 


2 


of the anaerobic decomposition is the alkaline fermentation phase. This 
occurs at neutral conditions and produces co, and CH, The bacteria 
involved are strict anerobes and have been difficult to study. 

Clark and Viessman (12) also suggest that the main gaseous products 
of anaerobic digestion are CO,, and CH, in a proportion of 3:7 with 


traces of HS and CH They estimate that the total quantity of 
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gas from 1 1b. of volatile material is 16-18 litres. In a preliminary 
study on the anaerobic degradation of 11 litres of pig slurry, Hobson, 
cited by Baxter (5), found a total gas production of 17 litres between 
the fifth and the nineteenth days. Analysis of the gas on the twelfth 
day indicated a composition of 82% CO,» 17% CH,» 1% H, and 


traces of other gases. The proportion of CO, BO CH, is different to 
that suggested by Clark and Viessman (12). This may be due to some 
characteristics of pig slurry that differ from domestic sewage. 
2.4.2 Aerobic Decomposition of Slurry 
The process of aerobic decomposition is considered to be the most 
feasible method of reducing the biochemical oxygen demand of animal waste. 
This process also depends on bacteriological action to break down the waste. 


Oxidation is the process by which molecular 0, combines with organic and 


2 
inorganic compounds to produce energy. Bacteria involved are either strict 
aerobes or facultative anaerobes. These latter, which are commonly found in 
domestic sewage, can obtain their energy under aerobic or anaerobic conditions. 
Gases produced as a result of aerobic digestion are CO, and NH. dig 0, is 
supplied at a continuous rate in sufficient quantities, aerobic conditions 
will be maintained. However, if the supply is discontinued for a period, 
anaerobic conditions will set in with the consequent production of the 
associated combination of gases. 
25 Physiological Effects of Noxious Gases on Livestock 

A detailed account of the physiological effect of the different 
gases is not considered relevant here. However, a short general note on 
the more important gases which may be involved is given below. 
2.9.1 Carbon Dioxide 


Tee pas asenot if itseli poisonous. “It is lethal only at very 


high concentrations where it can cause death through asphyxiation. 
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Concentrations of 10% can cause violent panting and exposure of a few 
hours to concentrations of 25% will cause death (25). Taiganides and 
White (31) have calculated that, in a tightly constructed piggery, a 
breakdown in the ventilation system will cause death within 6-8 hours 
due to CO, asphyxiation. 

2.5.2 Methane 


This gas is similar to CO, in that it acts as an asphyxiant. 


2 


It is not usually present in as large a quantity as CO Highly flammable, 


5 
it may cause an explosion when present in a concentration of 5% (31). 
Levels as high as 8% were reported by McAllister and McQuitty (25) prior 
to the agitation of slurry in enclosed or covered storage pits. 
2.5.3 Ammonia 
This gas acts as an irritant. Low concentration can irritate 

both the eyes and throat. In poultry, a concentration of 100 ppm has been 
shown to cause symptoms of kerato-conjunctivitis (11). The same study 
revealed that this level of NH, caused a decrease in egg production. 
Concentrations of 20 ppm were found to cause damage to the respiratory 
tract (4). 

Stombaugh et al (30) studied the effects of 12, 61, 103 and 145 ppm 
of NH, on performance and health of pigs. They found that NH, concentration 
Significantly decreased feed consumption and hence liveweight gain. There 
was no significant effect of the efficiency of feed conversion. Preliminary 
investigations indicated that long term exposure to an NH, concentration of 
280 ppm was not feasible. 


2.5.4 Hydrogen Sulphide 


This gas is toxic as well as being an irritant of respiratory 


tissue. Whereas exposure to CO,, and CH), for a short period of time does 


not cause any after-effects, exposure to concentrations of H,S may cause 
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permanent impairment of health (31). Exposure té 1000 ppm will cause 
death in humans while exposure to lower concentrations may cause varying 
degrees of sickness (25). 

When defining the maximum safe level of noxious gases, consideration 
must be given to the time and level of exposure(i0) and to the combination 
of gases likely to be encountered. It has been shown that simultaneous 
exposure to a combination of NH, and HS as mone toxic than with 4S alone (21). 
eras Practical Problems Attributed to Noxious Gas Contamination of 

Farm Buildings 

The factors causing production of noxious gases in farm buildings 
have been discussed. All other things being equal, the amount of gases 
produced by the animals in a building will be the same irrespective of the 
waste handling system used. High noxious gas concentrations are more likely 
to occur where the waste products are stored within the building. The deep 
litter system of housing poultry was found to cause increased concentrations 
OF CO, and NH, (20). Quantities produced from litter have been sufficient 
to cause kerato-conjunctivitis. Levels greater than 20 ppm have been stated 
to occur under British conditions while concentrations of 50-100 ppm have 
been known to occur under winter ventilation conditions in the U.S.A. (24). 

The bv ct tte of keeping laying birds at 75-80°F has been described 
by Payne (28). The economics of this system depend on the cost of 
supplementary heating. This in turn depends on the minimum ventilation rate 
that can be continuously maintained under winter conditions. Under this 


system, it has been shown that CO, concentration rather than water vapour 


BD 
is the criterion used to define the minimum ventilation rate. 


The problems associated with noxious gases have been much more 


spectacular in situations where slurry was stored anaerobically beneath 
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Slatted floors. Deaths of humans and stock due to noxious gas contamination 
have been reported from Europe and North America (1,22,9). These fatalities 
occurred during agitation of slurry beneath slatted floors or in eataets 
adjacent to the building. Some studies which simulated these conditions 
revealed that lethal concentrations of NH, and HS Can FOecCcUpe (is. 18.25). 
Hogsved (21) reported that dairy cows suffered chronic gas poisoning during 


liquid manure removal. Symptoms.included subcutaneous bleeding and rotting 


of the foot. Improvement of the ventilation system resulted in rapid 
recovery. 
2.7 Distribution of Noxious Gases in Farm Buildings 

Precautions against the accumulation of noxious gases in farm 
buildings have been recommended for some time. In general, the precautions 
were based on the premise that gases which were heavier than air would tend 
to accumulate near floor level while gases which are lighter than air would 
tend to accumulate near the ceiling. The King system of natural ventilation, 
as described by Wooley (35), incorporated floor level outlets for the 
removal of CO, More recently, the Cornell ventilation system for laying 
birds (33) provides facilities for low level extraction to remove the excess 
CO, (heavier than air) during winter and high level extraction for the 
removal of NH, (lighter than air) during the summer. Taiganides and White (31) 
in reviewing the properties of the various gases found in farm buildings 
state that CO, and H,S, being heavier than air, would tend to accumulate 


2 2 
near floor level, while NH, and CHy ss being lighter than air, would tend to 
move upwards from their point of generation. Berglund et al (7) stressed 
the danger that existed to pigs lying on slatted floors near slurry level. 
Noren et al (27) on the other hand carried out a study on gas distribution 


in a number of dairy and hog facilities. They discounted the theory that 


gases tend to accumulate at levels depending on their relative densities. 
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2.8 Diffusion of Gases 
The theory of stratification of gases depending on their relative 

densities is not valid when one considers that in a binary gas mixture the 
presence of a concentration gradient gives rise to molecular diffusion ( 3). 
Random molecular motion acts in such a fashion as to reduce the concentration 
gradient and give a homogenous mixture of the two gases. The basic equation 
for molecular diffusion is stated in Fick's Law. Expressing the concentration 


of gas A in terms of the partial mass density Pas Fick's Law becomes 


Md Ae -D (do ,/dy) 


M/A = lb per Got Cee) 
do ,/dy = 1b per BSB) 
DY, = Feo per hour (mass diffusivity) 
When the gradient is maintained by constantly supplying the diffusing com- 
ponent to the high concentration end of the gradient and removing it at the 
low concentration end, the flow of the diffusing component is continuous 
(26). This is somewhat similar to the situation in a farm building where the 
high concentration end is the point of generation of a noxious gas and the low 
concentration end is the point where the air is removed from the building. 
However, gas diffusion in a farm building -may not be determined simply by 
applying Fick's Law. Air movement and temperature gradient probably play 

an important role in determining the movement of gases from their point of 
generation. The interrelation of these two factors is very complex and will 


vary from one situation to another depending on the air movement and 


LeMperacure pattern. 
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3. OBJECTIVES 
The review of literature has shown that noxious gas contamination 
of the atmosphere of a livestock building can have effects varying from 
death at high concentrations to ill-health and reduced performance at 
lower concentrations. The methods postulated for the removal of heavy 
and light gases have been described. There is some doubt, however, as to 
the effectiveness of these methods particularly when one considers that, 
according to Fick's Law, stratification of gases should not occur. 
Accordingly, this project was carried out to determine the following: 
(1) The CO, and NH, concentration variations in a chamber under 
different ventilation conditions, 
(2) The effect of outlet height on the distribution and mean 
concentration of CO, and NH, in the chamber, 
(3) The effect of heat condition (isothermal or non-isothermal) 
on the mean concentration and distribution of CO,, and NH, , and 
(4) The relationship between temperature and gas concentration 


under non-isothermal conditions. 
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4, EXPERIMENTAL PROCEDURE 

4o1 Materials 
4.1.1 Environmental Chamber 

This study was carried out in an environmental chamber. The 
inside of the chamber is shown in figure 3 and the dimensions and general 
outline in figures land2. The dimensions were such as to simulate one 
pen of a typical piggery. The chamber was constructed using spruce 2" xX 
4" framing clad on the inside with plywood. Quarter inch fir sheathing was 
ene the walls and roof, while 1/2"' poplar sheathing was used on the 
floor. No walls were installed to partition the dunging passage area from 
the lying area or the lying area from the feeding passage area. Estimated 
capacity of a pen of this size is 20 pigs, each weighing approximately 
120 1b. Air entered the plenum from the room through slots at both sides 
near the floor level. An air-conditioner was installed to provide cool 
air when required. From the plenum, air entered the chamber through a 
(a eee SOU mitet. 

Ventilation of the chamber was carried out using a 12" centrifugal 
fan (figure 4). This fan, which extracted air from the chamber, was 
connected to a calibration duct similar to that described by Jorgensen (23). 
Adjustment of the ventilation rate was achieved by moving the cone at the 
end of the duct. Within the chamber ,there was a choice of two outlet 
heights located 19 inches and 75.5 inches from floor level measured to 
the centre of the outlet (figure 3). 

4.1.2 Gas Diffusion Units 
The gas diffusion units were designed for the purpose of 
simulating noxious gas and sensible heat output of 20 pigs. Details of 


these units are shown in figures 5 and 6. Gas flow from a cylinder was 
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Figure 3: 


Interior view of the environmental chamber showing 
19.0" and 75.5"-outlet points. 
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measured through four rotameters, one for each diffusion unit. From each 
rotameter, gas flowed to a T section where the flow divided to enter the 
gas diffusion unit at both ends. Diffusion of the gas took place through 
a 0.014 inch hole situated centrally in each section of the acrylic piping. 
The decreasing bore of the pipe from outside to centre helped to maintain 
pressure in the full length of the pipe, thus giving a fairly even flow 
from each hole. 
In addition to facilities for diffusing gas into the atmosphere, 

each of these four units had 11 feet of 26 gauge nickel chromium heating 
elements. The calculated heat output of each was 1285 BTU per hour, which 
is approximately equivalent to the sensible heat output of five 120 lb. 
pigs (2). The base and cover of the units was 28 gauge galvanized sheathing 
coated with flat black paint. The use of four of these units thus made it 
possible to simulate gas production and sensible heat output of twenty 120 
Lb pigs. 
4.1.3 Air-Conditioner 

Use of the heating elements would have resulted in very high 
temperatures in the chamber as the air temperature in the laboratory was 
70 bee ato prevent a large rise in temperature while the heating elements 
were operating ja 7,500 BTU per hour air conditioner was used to cool the 
air in the plenum prior to entering the chamber. The effect of using the 
heating elements in conjunction with the air conditioner was monitored by 
comparing it with a duplicate set of runs which had no modification of 
temperature. The condition using the heating elements and air-conditioner 
was designated non-isothermal’ heat condition while the other heat condition 


was designated 'isothermal'. As the cooler operated at a constant rate, 


the temperature of the air entering the chamber varied depending on the 
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Figure 5: Gas diffusion unit. 
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ventilation rate. The temperature of the air entering the chamber was 
measured with a thermocouple placed centrally in the inlet slot. Mean 
temperatures of the air entering the chamber during the non-isothermal 
runs were eae te 60.5 °F, and 63.5°F for ventilation rates of oe rm. 
261 cfm, and 549 cfm respectively 
4.1.4 Noxious Gases 
Two gases were chosen for this investigation to represent those 

heavier and lighter than air. Cylinders of high purity CO, and NH, were 
purchased from commercial suppliers. Carbon dioxide, having a specific 
gravity relative to air of 1.53, was representative of the heavy gases, 
while NH, (s.g. 0.59) was representative of the light gases. 

Carbon dixoide was used at a rate of 24 litres per pig per hour 
(i.e. a total of 480 litres per hour), this being approximately equivalent 
to the CO, production of a 120 lb. pig (34). No comparable figures were 
available for NH, as it is produced primarily from decomposing waste. To 
ensure concentrations within the range of the ammonia analyser and to 
provide concentrations comparable to that which might be found in practice, 
the total rate of NH, diffusion was fixed at 27 litres per hour. 
4.2 Instrumentation 
4.2.1 Rotameters 

The flow of gas to the gas diffusion units was measured using 

four Brooks Rotameters (figure 7). The 2-65B model tubes were used for 


CO,» while for NH, which was used in much lower quantities, 1-65A tubes 


3 
were installed. A needle valve was incorporated with each of these rotameters 
for fine adjustment of flow rate. The rotameters had a guaranteed accuracy 

of 5% and a repeatability of 1% of full scale. 


4.2.2 Temperature Instrumentation 


Copper-constantan thermocouples were used for temperature 
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Medsimemenve. sin all only three thermocouples were used for dry-bulb 
temperatures. One, already mentioned, was used to sense the temperature 
of the air entering the chamber from the plenum. The second thermocouple 
was placed in the outlet duct to. sense the temperature of the air leaving 
the chamber. The third thermocouple was attached to a 4 foot length of 
1/4" copper piping. This was used to measure the temperature of the air 
immediately after taking a gas sample at the same sampling point. These 


three thermocouples were wired into one station on a Honeywell 24-point 


temperature recorder. Thus, any of the three temperatures could be measured 


as required during an experimental ran. 


4.2.3 Gas Analysers 

Measurements of gas concentration were made using two Beckman 
Model 315A non-dispersive infra-red analysers (figure 8). As these 
analysers are specific for a particular gas, separate units were used 
tee CO, and NH. These gas analysers operate on the principle of measuring 
the differential absorption of infrared energy. Figure 9 shows a 
simplified schematic diagram. 

Two infrared sources are used, one for the sample cell and one for 
the reference cell. Both beams are simultaneously blocked ten times per 
second by the chopper. In the unblocked condition, each beam passes 
through the associated cell into the detector. 

The sample cell is a flow-through tube that receives a continuous 
stream of sample. The reference cell is a sealed tube filled with a 
reference gas. This reference gas is chosen for negligible absorption 
of infrared energy of those wavelengths absorbed by the sample component 


of interest. 


Each of the beams are transmitted through the cell to the detector. 
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Pipure 9. Schematic diagram of non-dispersive infrared gas analyser. 
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The detector consists of two sealed compartments of equal volume separated 
by a flexible metal diaphragm. Each compartment has an infrared transmitting 
window to permit entry of the corresponding infrared beam. Both of these 
compartments are filled at the same sub-atmospheric pressure with vapour of 
the component of interest. 

When the infrared beam is in the unblocked condition, the presence of 
the component of interest in the sample stream causes a difference in energy 
levels between the sample and reference side of the detector. Because of 
this, the gas in the reference side of the detector is heated more than that 
in the sample side. Higher temperature in the reference side causes higher 
pressure which in turn causes the diaphragm to distend towards the sample 
compartment. 

When the beam is blocked, the temperature and pressure in the two 
compartments equalises causing the diaphragm to return to its original 
position. Therefore, as the chopper blocks and unblocks the beam, the 
diaphragm pulses. This pulsing of the diaphragm is converted to an 
electronic signal which gives a readout on the meter (6). Gas concentration 
of the sample is determined by reading from a calibration curve. 

4,2.4 Micromanometer 

Measurement of the velocity pressures in the calibration duct 
was carried out using a Flow Corporation model MM3 micromanometer connected 
to a pitot-static tube. The manometer fluid used was butyl alcohol (specific 
gravity = 0.8166 at 5 Eee Accuracy quoted for this instrument is 0.0002" of 
manometer fluid. 
4.3 Methods 
He 3a Calibrathkenwot) Ventilation Rate 

Measurement of velocity pressures within the calibration duct 


was carried out at point A (figure 2). The method used has been described 
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26 
by Jorgensen(23). A horizontal and vertical traverse of velocity pressures 
was measured using the pitot-static tube and micromanometer. Adjustment 
of ventilation rates was achieved by moving the cone at the end of the 
duct. Details of the method used and the calculations are shown in Appendix 
I. Three settings of the cone were used and the ventilation rates 
measured for these settings were 165, 261 and 549 cfm respectively. These 
correspond to air-change rates per hour of 7.8,12.3, and 25.8 respectively. 
4.3.2 Start Up-Procedures 

Under normal conditions in livestock buildings, a dynamic 
equilibrium exists between the rate of gas production and the rate of gas 
extraction in the ventilating air. Increasing the rate of gas production 
at a constant ventilation rate will result in a higher concentration of 
gas in the air leaving the building. To achieve equilibrium conditions 
in the chamber, gas diffusion and operation of the heating elements were 
commenced some time before sampling. Under conditions where ventilation 
rate and gas diffusion are constant ,the aimed-at equilibrium is theoretically 
never achieved (29). However, within the limits of the gas analysers used, 
it was possible to define equilibrium as that condition which existed when 
gas concentration of the outgoing air was constant. In practice, sampling 
was commenced-ten minutes after a constant gas concentration was recorded 
in the extracted air. 

4.3.3 Sampling Procedure 

Sampling was carried out using a4 foot length of 1/4 inch O.D. 
copper piping which was connected by plastic tubing to a pump. The pump 
drew air from the end of the copper pipe and delivered it via a filter to 
the analyser (figure 8). 


Preliminary studies indicated that there was very little difference 
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20, 
in concentrations across the chamber. This was to be expected as the 
main components of air velocity would be in either a longitudinal or a 
vertical direction. To detect concentration variations in both a 
horizontal and a vertical direction, sampling was carried out in one 
plane three feet from one side wall. In all, 55 sampling points were 
chosen in such a way that the areas over and in-between the units were 
sampled. The layout of the sampling points is shown in figure 10. 
During an experimental run ,these 55 points were sampled in random order. 
A sample was taken by inserting the copper pipe three feet horizontally 
into the chamber through a sampling hole (figure 11). Immediately after 
the concentration of the gas sample was recorded, the probe was removed 
and replaced with a similar probe containing a thermocouple. The dry-bulb 
temperature was then recorded and sampling of the next point commenced. 
Before and after sampling, the sampling holes were closed with rubber 
stoppers. 


During experimental runs with CO,, the air entering the plenum was 


2? 
sampled. The CO, concentration of the air entering the chamber was 
subtracted from the concentration measured at each sampling point prior to 
statistical analysis. 
4.3.4 Experimental Design 

Two separate experiments were carried out differing only in the 
type andy quantity Of "eas used.@ It has "already been»stated that, for each 
trial run,gas concentrations were measured at all 55 sampling points. The 
independent variables, whose effects were being monitored, were ventilation 
rate, outlet height, heat condition, distance from inlet and height from 


floor. The experiments with both gases were of a factorial design consisting 


of three ventilation rates, two outlet heights and two heat conditions. There 
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Weer nvecercilitates for cach gas. A list of the independent variable 
combinations for each of the twelve trial runs in a replicate is given 


in Appendix I]. During each replicate, the order of the trial runs was 


picked randomly. 
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2. DATA ANALYSIS AND RESULTS 
Oe Methods of Data Analysis 
The analysis consisted of statistical procedures involving 
analysis of variance and multiple regression. 
5.1.1 Independent Variables 


The sources of variation, their levels and the codes used in 


the analysis are shown in table l. 


TABLES eb lot OF VARIABLES, THETR CODES. AND THE LEVELS OF EACH* USED, 


Variable Code Levels Comments 
Ventilation rate V LOSmeim 
Dolce 
549 cfm 
Outlet height O 19.0 inches 
Toeomaneches 
Heat condition H Isothermal Neither heating elements 
nor air-conditioner in 
operation. 
Non-isothermal Both the heating 


elements and air- 
conditioner operating. 


Sampling height J LEEOO? 
from floor 2 feet 
Smneee 
> feet 
(ecCee 
Distance from D SiO SOs. The distances 50.5, 
inlet (inches ) DO. oem alas © BL eye AUCH SiR NU feinis 
Sfilles Obed EAE) coprespond to centre 
SSW sy sl lec hst®) lines of the points 
I Gedy OO «0 over the gas diffusion 
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5.1.2 Statistical Methods 


For the analysis, gas concentrations in Appendices III and IV 
and temperatures found in Appendices V and VI were used. Analysis of 
variance techniques were used to. determine which of the factors or 
factor interactions had a significant effect on gas concentrations. 
Multiple regression techniques were used to arrive at a prediction 
equation for gas concentrations in terms of the independent variables. 
University of Alberta Computing Centre library programmes were used for 
calculations involved in the analysis of variance (15) and multiple 
regression (17). 
9.1.2.1 Analyses of Variance 

The analyses of variance on the data were carried out on the 
basis of a split plot design with different combinations of ventilation 
rate (V), outlet height (0) and heat condition (H) in the whole plots 
and the distance from inlet (D) and height from floor (J) in the sub- 
DLOUS. 
5.1.2.2 Multiple Regression 

Multiple regression analyses were carried out using the variables 
listed in table 1 as the independent variabies and gas concentrations as 
the dependent variables. 

5.2 Experiment I - Ammonia 


The overall mean values for the different variables are presented 


to show the trends. Figure 12 shows the mean values of NH, concentrations 


for the three levels of ventilation rate. The concentrations were approximately 
im the ratio of 1:2:3 for ventilation rates 549 cfm, 261 cfm and 165 cim 
respectively. Table 2 shows the effect of outlet height on the mean 


concentration of NH,- The lower outlet height gave a slightly lower mean 
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Figure 12. Graph illustrating the effect of ventilation rate on ammonia 
concentration. 
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concentration. 


TABLE 2: MEAN CONCENTRATION OF AMMONIA AT BOTH LEVELS OF OUTLET HEIGHT (0). 


Outlet Height (inches) NH Concentration (ppm) 
LOO Hie) 
IooO 53 


The overall difference of the two heat conditions was 2 ppm 
(table 3). The effect of distance from the inlet is shown in figure 13. 
In general, there is a gradual increase in NH, concentration from inlet 
to outlet. It should be noted that the gas diffusion units are positioned 


SO, odie clon, and 1.1/5.0 ancheswtrom: thesinlet. 


TABLE 3: MEAN CONCENTRATIONS OF AMMONIA AT BOTH LEVELS OF HEAT CONDITION (H), 


Heat Condition NH3 Concentration (ppm) 
Isothermal 50 
Non-isothermal 92 


The effect of height from the floor (J) on the mean concentrations 
of NH, is shown in figure 14. The highest concentrations were at the 
1 foot level. A slightly higher mean concentration was found at the 7 
feet level than at the 5 feet level. 
5.2.1 Analysis of Variance Results for Ammonia 


The analysis of variance for concentrations of NH, are shown in 
table 4. The computed F-values in the analysis of variance table indicated 


that main effects due to ventilation rate, distance from inlet and height 


from floor were highly significant. Outlet height was significant at the 
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Graph illustrating the effect of distance from inlet on 
ammonia concentration. 
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Graph illustrating the effect of height from floor on 
ammonia concentration. 
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.05 level. This indicated that variation in all of these factors gave 
Significantly different NH, levels. With this gas, the two heat conditions 


Usedudid Nor result in a statistictal difference. 


TABLE 4: ANALYSIS OF VARIANCE - AMMONIA. 


Source of Variation Degrees of Freedom 


a8 | 


Mean Squares 


V (Ventilation rates) 2 443350.0 332.49%% 
O (Outlet height) 1 6824.0 Sy eS 
H (Heat condition) il 9736.7 2.05 
vo 2 DEVS), 2 <1.00 
VH 2 OSU a5 7.91%* 
OH ih TOOS52.0 Taso 
VOH 2 168.3 <1.00 

R (Replicates ) 2 

ERROR (1) DO ee oes, 

D (Distance from inlet) 10 WETS all 76. 59%% 
J (Height from floor) 4 2991.2 47, 99%% 
ee 40 1006.4 16.14%% 
DV 20 W574 7, gust 
JV 8 1082 165 
DJV 80 12526 2.02% 
DO 10 MS 8 y, yg 
JO 4 101.9 1268 
DJO 40 an edo 1. 80% 
DVO 20 230.8 3. 70%% 
JVO 8 65.8 1.06 
DH 10 516.9 8. 294% 
JH 4 staiense 20.42%% 
DJH 40 DOSES 3.620% 
DVH 20 295.4 4. Tyr 
JVH 8 100% ile Galt 
DOH 10 O57 7 5. 74k% 
JOH 4 56.0 <1.00 
ERROR (2) 1604 62.3 
ee 
% Significant at the .05 level of probability. 


we Significant at the .01 level of probability. 


A number of the interaction effects are interesting. 


The significant 


interactions of most relevance here are ventilation rate x heat condition 


(figure 15) and outlet height x heat condition (figure 16). 
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Figure 15. Graph illustrating the interaction of ventilation rate and 
heat condition (ammonia). 
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Figure 16. Graph illustrating the interaction of outlet height and 
heat condition (ammonia). 
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figures 2o, it is seen that, at 165 efm, the. NH 


3 concentration was higher 
under non-isothermal conditions while this situation was reversed at 

high ventilation rates. Figure 16 shows that under isothermal conditions 
the low level outlet resulted in the. lower NH, concentration whereas 
under non-isothermal conditions the concentrations were approximately 
similar. The interaction between distance from the inlet and ventilation 
rate is shown in figure 17. The trend for the three ventilation rates is 
fairly similar. At the higher ventilation rate, there seems to be less 
variation in the gas concentration over the different values of D. 

Figure 18 shows the interactions between ventilation rate and 
height trom floor. Although this interaction is not statistically 
Significant, the graphs are presented to show the variation that existed 
at the three ventilation rates over the different levels of height from 


floor as this variation, or lack of it, was a primary objective of the 


investigation. 


feetyts aaw noize rtmaond 


js heexeven asw notisotie aidt alidw a +ibito 


"a Sie ane 


= 2 : ; al m y =e Pet - 
anoitibhos- Lementoal tebou dads aworde ar vagtt ‘ani a ee 
- esorédw noise riisougs oil fewol orth mf bat tdeak: # el tye 
: 1 , 


« 


ylotsnixo rds sro efiolisrmsonop sft enoitibmos L[anue: whale 


5 aan 
all . a : po Y ob ee ale vie ey, EE ned - + 4 + = P “7 
moitelitnev bos telat sdt mort sopetatbh ceswied colitosietar oadT .tB! 


el 2Sisy to rrslitasy mit elt wot bBooedct sdaT VI sae te 
i pe ae P } = rt as ; es 
225 oy emssee f -SJ5S1, AOlTTSEtt > TSnaeLhHh sags J8 
4 f x ‘ ay +r a . 
4 to gguisy teeitstitib sft tesvo noltsatnesroes asg sAy 
7 —_z 


‘ fo tk, : ae ee atin . 2 
bis ate x noifslitasv moswisd 2ooLtabysinas sat zwone Sl suyglilt 


betetxe tal? nofiesiasey salt wode ot betnsesig ots edgety edt Taso Tih gis 7 


en Pa 


4 “ . _ 
+ 7 ber - » r oe o ~ ~ a a f wy i’ a % “ y ra . “3 - i. - - 7 
Mot trigron) to. vel toevystirh sdt vevo estes colteli¢gay serdy ed 
on7 to. avivyostdo yvinmitq 5 @sw .ti to ASBE ro , cotteivey etd? 


an | swolzegizeens os 3 


=) i 7 
- 
an) 
I 
t 
ie a 
’ a oe 


39 


*( eB TUOWWE) 
ejJed UCTIETTIUSA pue AOOTF woaz jzyspoey 


JO UOTLOeASIUT oy SuTZedisnTTT yderwg -*gT seun3riy 


(La4d) YOOTI WON LHOISH 
L S € j if 


Wid [oa ae So 


Wid T9ZC ~~ 


ee es ee 


W140 S9T 


O€ 


On 


OS 


09 


OL 


08 


06 


WOIf SOURISTP FO UOT JOeUe UT BuTJeaysn{T{Tt ydewy 


(Wdd) NOILVYLNFONOOD VINOWWV 


O°*8T? 


*(eTUOUUR ) eaw=qes lwkeysahSyp esha joer) ake yp oie 


(SAHONI) LS INI WOdd FONVISIC 
Sete bil 


G* CEL 


Ge u 


S*0S 


Oss 


“LT ean3Ty 


W1IO 6S 


WdiO T9Z2 


Wi0 S9T 


(Wdd) NOILVYLNFONOOD VINOWNV 


KYSIOM (bbR) 


: 
= 
> 
© 
= 
ew a 
5 
= 
= 
> 


0.818 c.691 €.SEE ¢ ie. é,02¢ O.er 


‘ “CFSTVY AOSTA MOTI THOIAH | (23H9UT)) TSIMI MORI JOMATEIG | 
20 noltoptstiai ott gnitsiteyfii riqex2 -8f oaurgil mort soapteib to aoitnsxezal gaitsytay Ltt figsvD .TL sgl 
o7sT aettelitnuey 5ns woolt mort tigbead : -(éigomms) otst coitelitasv bas tekni 3 


_ ; - «Os. Erome,.) en 


a 
i 


40 
9.2.2 Temperature Data 
The temperature data, recorded immediately after each gas 
sample was taken, are presented in Appendix V. Due to a malfunction in 
the temperature recorder during replicate 1, only those temperatures 
recorded for replicates 2 and 3 are presented. 

Overall mean temperatures for the three ventilation rates are 
plotted in figure 19. Table 5 shows the effect of outlet height on the 
mean temperature recorded. It is seen that little difference existed 
between the two outlet heights. 


TABLE 5: MEAN TEMPERATURES AT BOTH LEVELS OF OUTLET HEIGHT (AMMONIA). 


Outlet Height (inches ) Temperature (°F) 
19.0 73.0 
Woe) Woes) 


The overall difference between the two heat conditions is De 
(faple 6). 


TABLE 6: MEAN TEMPERATURES AT BOTH LEVELS OF HEAT CONDITION (AMMONIA) . 


Heat Condition Temperature (BF) 
Isothermal an 
Non-isothermal 74.0 


The effect of distance from the inlet is shown in figure 20 and the 
effect of height from floor in figure 21. Temperature variation: for both 
of these factors is seen to be similar to the variation of NH, concentrations. 


The effect on temperature of the location of the heating elements in the 
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Graph illustrating the effect of ventilation rate on 
temperature (ammonia). 
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43 
gas diffusion units at 173.5, 132.5, and.91.5 inches from the inlet is 
evidenced by the peaks at these points (figure 20). No effect of the 
heating elements on temperature at 50.5 inches from the inlet is obvious. 
5.2.2.1 Analysis of Variance Results for Temperature 

The analysis of variance results for temperature are shown in 
table 7. Of the main effects, only ventilation rate and heat condition 
are significant. No significant difference was found between the two 
outlet heights. Differences between the two replicates analysed were found 
to be significant at the -05 probability level. This overall difference 
Same me was very small (Ones) and is not considered important. The 
Significant interaction ventilation rate x heat condition indicates that 
the effect of ventilation rate on temperature is different for the two 


heat conditions. 
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TABLE 7: ANALYSIS OF VARIANCE-TEMPERATURE (AMMONIA), 
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Source of Variation Degrees of Freedom Méan Squares 3 

V (Ventilation rate) 2 BSoo2 257.27%% 
O (Outlet height) — 1 0.14 <1 

H (Heat condition:). si 1469.40 59u, B5x% 
VO 2 8.97 OFS 

VH 2 501.75 203.12%% 
OH a 7.38 2598 
VOH 2 0.90 <1 
Ra€Repli cates) it 17.89 eo 
ERROR (1) et 2.47 

D (Distance from inlet) 10 52.64 80. 48%% 
J (Height from floor) 4 32.00 HB, G3%% 
DJ 40 Qe 39.41%% 
DV 20 2.69 4,11** 
JV 8 3.03 4, 62*% 
DIV 80 SOM) 3.17%% 
DO 10 Scie 2.00% 
JO 4 0.48 <1 

DJO 40 0.39 <1 

DVO 20 0.26 <2 

JVO 8 0.09 <i 

DH 10 50.04 76.51%% 
JH ue 34.78 53.18%% 
DJH 40 24.58 37.59%% 
DVH 20 ma. OL 3.99%% 
JVH 8 2.94 4, Ugur 
DOH 10 Qi. Oy eee 
JOH 4. Cet) 1.33 
ERROR (2) 956 0.66 

* Significant at the .05 level of probability. 
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we Significant at the .01 level of probability. 
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5.3 Experiment II - Carbon Dioxide 
The overall means: of CO,, concentrations for the different 
ventilation rates are plotted in figure 22.. The three concentrations 
are approximately in the ratio 1:2:3. 
Carbon dioxide concentrations for the two outlet heights are 
Shown in table 8. As was the case with NH, concentrations, the overall 


mean for the lower outlet height was less than that for the upper outlet. 


TABLE 8: MEAN CONCENTRATIONS OF CARBON DIOXIDE AT BOTH LEVELS OF 
OUTLET HEIGHT (0). 


Outlet Height CO, Concentration (ppm) 
19.0 910 
910 980 


The overall concentrations of CO, for both levels of 


heat condition are given in table 9. As in Experiment I, the mean CO, 


concentration was higher for the non-isothermal condition. 


TABLE 9: MEAN CONCENTRATIONS OF CARBON DIOXIDE AT BOTH LEVELS OF 
HEAT CONDITION (H). 


Heat Condition CO, Concentration (ppm) 
Isothermal 910 
Non-isothermal 980 


The overall mean CO, concentration for all eleven distances from 


the inlet (figure 23) followed the same trend as the NH, concentrations. 
The difference between the highest and lowest value was found to be 280 


ppm. The effect of height from floor (J) on the mean is shown in 


figure 24. In this case, as with NH, » the highest concentrations occurred 
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Figure 22. Graph illustrating the effect of ventilation rate on 
carbon dioxide concentration.- 
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at one foot from floor level while the concentration at 7 feet is slightly 
higher than at 5 feet. 


Se aL: Analysis of Variance Results for Carbon Dioxide 


The analysis of variance for concentrations of CO, is shown in 
table 10. In this case, all the main effects (ventilation rate, outlet 
height, heat condition, distance from the inlet and height from the floor) 


are highly significant. 


TABLE 10. ANALYSIS OF VARIANCE - CARBON DIOXIDE. 


Source of Variation Degrees of Freedom Mean Squares 8 

V (Ventilation rate) 2 163,230,000 Buu, 35 %% 
O (Outlet height) ie 2,009,700 10. 39%* 
H (Heat condition) il 2,573,400 13. 31%% 
vo 2 1,559,500 8.06%% 
VH Z 2 555,800 13. 22%% 
OH 1 3,652,300 18. 89%* 
VOH 2 2,624,700 13,57%% 
R (Replicates ) 2 152,430 <00 
ERROR (1) 22 193,320 

D (Distance from inlet) 10 PL ASV te le0) 197.03%* 
J (Height from floor) 4 1,686,600 144 ,62*% 
DJ 40 305,740 26.21%* 
DV 20 292,640 25.09%% 
JV 8 124,190 10. 64% 
DJV 80 56,626 4, B5w% 
DO 10 142,950 12.25%% 
JO 4 43,723 3. 74s 
DJO 40 15,832 1.35 
DVO 20 14,409 Mes 
JVO 8 1G 2230 9. 4y5we 
DH 10 339 ,860 29, 1y4%% 
JH 4 1 O05, 100 90.13%% 
DJH 40 92,822 7. 95%% 
DVH 20 lye wes) 15.10%* 
JVH 8 PUT OS7 21.18%* 
DOH 10 88,581 7. 59%% 
JOH 4 19,390 1.66 
ERROR (2) 1604 117,662 


we Significant at the .01 level of probability. 
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The interactions plotted for NH, in experiment 1 are also plotted 


3 
for this experiment (figures 25,26,27. and 28). The ventilation rate x 

heat condition interaction (figure 25) follows the same trend as found 

for NH, (figure 15). Increasing ventilation rate changed the relationship 
between the mean concentration for non-isothermal and isothermal conditions. 
The outlet height x heat condition interaction (figure 26) shows that low 
level outlet points reduce the concentration considerably under isothermal 
conditions. Under non-isothermal conditions,the effect of low level 
extraction was negligible. 

The interactions ventilation rate x distance from inlet (DV) and 
ventilation rate x height from floor (VJ) are shown in figures 27 and 28 
respectively. These show the general trend of concentration variations 
over the three ventilation rates at different heights and distance from 
the inlet. 

The similarity in the concentration variations of both gases over 
all the interactions indicates that the distribution pattern for heavy and 


light gases does not differ. 
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Figure 25. Graph illustrating the interaction of ventilation rate and 
heat condition (carbon dioxide). 
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Pigure 26. Graph illustrating the interaction of outlet height and 
heat condition (carbon dioxide). 
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29.3.2 Temperature Data 
Temperature data recorded for the three replicates of this 
experiment are presented in Appendix VI. 
Overall temperatures for the three ventilation rates are plotted in 
figure 29. Table 11 shows the effect of outlet height on the mean 
temperatures. As with Experiment I, little difference was found between 


the two outlet heights. 


TABLE 11: MEAN TEMPERATURES AT BOTH LEVELS OF OUTLET HEIGHT (CARBON DIOXIDE). 


Outlet Height (inches) Temperature (a) 
19.0 WSo 8 
5G S Viste 


The overall temperature difference between the two heat conditions 
p fe) é : ; 
is 2.2 F (table 12), compared with 2.1°F in the case of experiment I. 


TABLE 12: MEAN TEMPERATURES AT BOTH LEVELS OF HEAT CONDITION (CARBON DIOXIDE), 


Heat Condition Temperature (°F) 
Isothermal 712.6 
Non-isothermal 74.8 


The effect of distance from the inlet is shown in figure 30 and the 
effect of height from the floor in figure 31. 
5.3.2.1 Analysis of Variance Results for Temperature 
The analysis of variance results for temperature are shown in 
table 13. In the main plots, ventilation rate and heat condition were 


found to be significant at the .01 level, while the outlet height showed 


A‘. 7 ¥ 


_ = j _ : ie 
¥, 7 a 7 e . ; ' ey 1 
7 


ati? 40 sptheisadan: wand? ont x08 ober 


r | | IV. xibneggh Srtaceanit 


a 


gd bervota sits setet Agents soxdt asl rot somiscogmes L Le he 


~ 
a 


risem oft , sige tefitve to nosis edt ewode {1 efdsT ee ah: Bh 
_nonwied bovet a5w sonotett ib piatth ; I tnembiasqxa dtiw 2A be Tere xs 


: , Br dgied sage ows od ods 


7 
canine 


(aa mKore WOMMAD) THOIGK Taro 40° eleva HPO TA aq TAASMIT WAaM aa 


a 


| 


—— annmammmmmineiaa 


(2°) omstetoqmeT | (zoom) 


: enoitibace tse owt Sdt noswitsd sonetsttib swisieqmes Listeva oa? ar as 


a. sel tmemitagxe to sebo edz st J°L.S dtiw Beasamoo (SL eldey) Pe fa 


raotx0%4 HOMKAD) HOT TSOReS TAGH: 10 30aVa0 HTOG TA 2aaUTARSSMET WARM ve iJ 


3°) sitatsqmeT 


i 


edt Das 0€ stuntt ni awode ef talnt ade mort .somsteth to 
LE sang tt ak toolt edt mott 

ia oq Feragmay TE ouLete 
ak uote ons swsetegnot tot ssiees se © ate 


exow aol tbtce téen bop sist dolsetitmew ¢2 


bowode tuted ‘fefhue sit sie i va 
if 


93 


is) 


74 


73 


TEMPERATURE (°F) 


We: 


100 200 300 400 500 600 
VENTILATION RATE (CFM) 


Figure 29. Graph illustrating the effect of ventilation rate on 
temperature (carbon dioxide). 
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Signitmecamcetatgine, 50s, probability level. As in the case of temperature 
data for experiment 1.the ventilation: rate x heat condition interaction 
was Significant. 

In the sub-plots, the distance. from inlet and height from floor 
showed significant differences. 


TABLE 13: ANALYSIS OF VARIANCE- TEMPERATURE (CARBON DIOXIDE). 


Source of Variation Degrees of Freedom Mean Squares Ie 


V (Ventilation rate) y) 1287240 118.92** 
O (Outlet height) i 48.32 uug* 
H (Heat condition) il Doi. 40 213.52%% 
VO 2 S273 <1 

ma 2 jie SS) 69.68%% 
OH 1 Ds Ales) <J 

VOH 2 Lose Hees) 

R (Replicates ) 2 42.27 3.90% 
ERROR (1) oe 110. 82 

D (Distance from inlet) 10 94.44 119. 27%% 
J (Height from inlet) 4 15.90 93.33%% 
DJ 40 33.51 42, 32% 
DV 20 6522 7. 86%% 
JV 8 2.65 3. gus 
DJV 80 S07 H, 3g%% 
DO 10 Towel eas 
JO 4 0.90 algal 
DJO 40 O52 <i 

DVO 20 Oh DS) <i) 

JVO 8 One TSO 
DH 10 86.36 Coe. 077 
JH 4 61.88 78.15%% 
DJH 40 Skope me: 41.91%** 
DVH 20 4.99 6.30*% 
JVH 8 4,28 5.41%% 
DOH 18) 0.66 <a) 

JOH Lu 0.33 <i. 
ERROR (2) 1604 79 

fe eee pees oo Bee 
# Significant at the .05 level of probability. 


wees Significant at the .01 level of probability. 
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56 
eg Multiple Regression 


The analyses of variance in tables 4 and 10 show that there 
is a relationship between the gas concentrations and ventilation rate, 
heat condition, outlet height, distance from inlet, and height from 
floor. In addition, a number of the interactions also contribute 
toward the variation in gas concentrations. In view of tiisathewweneras 
model considered for the multiple regression, which included all the 
main effects plus some of the significant second order interactions,was 
as follows:- 


60 1): eas eg) Wi gins Av sim wel 


0 1 [Dw es A, J + A,0 Ta een te (A OF edt A, bd 


3 6 7 8 


where Y = dependent variable (concentration of NH, or CO,), 
V = ventilation rate (cubic feet per minute), 
D = distance from inlet (inches), 
J = height from floor (feet), 
O = outlet height (inches), 
H-—-heat—condition—(no-units:)-, 
Ay Seincercept. 


and Ays++Ag = multiple partial regression coefficients. 


While it was desirable to keep the regression equation as simple 
as possible, it was necessary to include all the important variables to 
determine their effect and to ensure a good relationship between the 
dependent and the independent variables. Thus, a computer programme (17) 
for a stepwise multiple regression was used to determine the relationship. 
5.4.1 Regression Analysés for Ammonia 
The results of the regression analysis for NH, indicated 


that ventilation rate was of prime importance in determining the gas 
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concentration. Ventilation rate and ventilation rate squared together 
accounted for 72.4% of the variation (table 14). The other main effects 
and interactions were found to contribute only 10% to the variation 
The inclusion of these variables reduced the standard error of the 
estimate by less than 2 ppm from 13 ppm. From a statistical viewpoint, 
most of these variables made a significant contribution towards reduction 
of the sum of squares. However, the practical significance of including 
these variables in the equation is negligible and hence only ventilation 
rate and ventilation rate squared have been included in the final equation. 


TABLE 14: REGRESSION ANALYSIS RESULTS FOR AMMONIA. 


Source of Degrees of Sum of Mean 

Variation Freedom Squares Square (2 
Attributable 

to Regression ie 888493.37 4UU246.68 2889. 32** 
Deviation from 

Regression L977 Se 9190s 62 L7Loo 

Total JSS 1237392 


Regression Equation 
Wigs) LSSs50 3x 0.00048V" - 0.48035V 
Multiple Correlation Coefficient = 0.851 
Cumulative Proportion of Sum of Squares Reduced = 0.724 


Standard Error of the Estimate = 13.09 ppm. 


wee Significant at the .01 level of probability. 
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5.4.2 Regression Analysis for ‘Carbon Dioxide 

The results of the regression equation for CO, are 
given in table 15. As in the case of NH,» ventilation rate was of prime 
importance in determining the gas concentration. In this case, ventilation 
rate and ventilation rate squared accounted for 73.4% of the variation. 
The remainder of the variables accounted for approximately 10%. Their 
inclusion, while reducing the standard error of the estimate from 245 ppm 
to 180 ppm, is not considered to be of any practical advantage. The 
regression equation described in table 15 therefore includes only ventilation 


rate and ventilation rate squared as the independent variables. 


TABLE 15: REGRESSION ANALYSIS RESULTS FOR CARBON DIOXIDE, 


Source of Degress of Sum of Mean 

Variation Freedom Squares Square E 
Attributable 

to regression 2 327026688 163513344 2720%% 
Deviation 

from regression oe, 118813952 60098 

tovall AS ES) 445840640 


Regression Equation 
epg 20 Oat: 0.01125V" - 10.62V 
Multiple Correlation Coefficient = 0.856 
Cumulative Proportion Of Sum of Squares Reduced = 0.734 


Standard Error of the Estimate = 245 ppm 


we Significant at the .01 probability level. 
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Sh) 
The above two equations display the importance of ventilation rate 
in determining the concentration of gases in the atmosphere. This result 
is as expected. To determine the effects of the other four independent 
variables, the data were broken down into individual ventilation rates. 
Multiple regression analyses were again carried out. All of the same 
variables were used, except ventilation rate which was held constant. 
The proportions of the sums of squares reduced for both gases at 
the three ventilation rates varied from 9% to 35%. The amount of variation 
accounted for using these independent variables did not follow a consistent 
pattern over the three ventilation rates for both gases. The regression 
equations from these analyses, therefore, were not considered important 
and are not presented here. 
SO8 Relationship Between Temperature and Gas Concentration 
From the analyses of variance of the two gas concentrations, 
it was shown that heat condition had a significant effect both on mean 
concentrations and on the distribution of the gases. The non-isothermal 
heat condition was an attempt to simulate the conditions that would occur 
in practice. This heat condition resulted in higher mean concentrations 
for the two gases and different distribution patterns than with the 
isothermal heat condition. Therefore, it seemed appropriate to study the 
relationship between temperature and the gas concentrations at the 
non-isothermal heat conditions. 
Figures 32 - 43 inclusive were plotted to show the relationship 
between temperature and the mean gas concentrations at different levels 
of D and J for each of the three ventilation rates. The temperature and 
gas concentration data plotted here are means for the non-isothermal 


heat conditions over both levels of outlet height. It is clear from these 
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graphs that the general trend for gas and temperature is similar. An 
interesting point to note is that in figures ?g and 39 (mean concentrations 
of both gases at different levels of height from floor at 165 cfm) the gas 
concentration is slightly higher.at the 7 foot level than at the 1 foot 
dewey: 

The general trend of an increasing gas concentration with increasing 
distance from the inlet has already been mentioned. Figures 30,32,34,36 
38,40 and 42 show the temperature and gas concentrations plotted against 
distance from inlet (D) for both gases at the three ventilation rates. In 
the case of se the effect of three of the gas diffusion units at 91.5, 
132.5 and 173.5 inches from the inlet end of the chamber can be seen as 
peaks on the graph at ventilation rates of 165 and 261 cfm (figures 32 and 
34 ) while at a ventilation rate of 549 cfm (figure 36 ) only the effect of 
the gas diffusion unit nearest the outlet is obvious. The effect of the 
gas diffusion unit at 50.5 inches from the inlet is not obvious at any of 
the three ventilation rates. The peaking of gas concentrations and 
temperature at 173.5 inches from the inlet must be related to the air-flow 
characteristics of the chamber. 

In the case of CO,» a Similar trend occurs for the temperature as 
with NH. This is to be expected as all conditions were similar for both 
experiments except for the gases being used. The trend for gas concentration, 
however, is slightly different. At ventilation rates of 165 and 261 cfm 
(figures 38 and40 ) the highest gas concentrations were found nearer to the 


outlet than with NH, - 


9.5.1 Temperature-Gas Concentration Regression Analyses 


Figures 30 - 41 have shown that both temperature and gas 


concentration varied in a similar way. To determine the degree of 
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relationship between these two variables and to obtain a prediction 
equation for gas concentration from temperature, regression analyses 
were carried out for both gases at the three ventilation rates. The 
dependent variables for these analyses were concentrations of NH, and 


3 
concentrations of CO, The general form of the equations are 
2 


. 3 
Vigdehnet Ai) +. ASRS T 


where Y = dependent variables (concentration of NH, or CO, ) 


T = temperature a) 
Ay = constant 
A,> A, > A. = multiple partial correlation coefficients. 


Details of the regression analyses are present in tables 16 - 21 


inclusive. 


TABLE 16: TEMPERATURE-GAS CONCENTRATION REGRESSION ANALYSIS RESULTS FOR 
AMMONIA AT A VENTILATION RATE OF 165 CFM. 


source of Degrees of Sum of Mean 
Variation Freedom Squares Squares FP 


Attributable to 


regression i P2327 .19 12327519 336.49%% 
Deviation from 

regression 21:8 7986.32 86.63 

Total ANS 20313.51 


Regression Equation: 
Ye 115.36 + 2.581 
Multiple correlation coefficient = 0.779 
Cumulative proportion of sum of squares reduced = .607 
Standard Error of Estimate = 6.05 ppm 


we Significant at .01 level of probability. 
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TABLE 17: TEMPERATURE-GAS CONCENTRATION REGRESSION ANALYSIS RESULTS 
FOR AMMONIA AT A VENTILATION RATE OF 261 CFM. 


Source of Degrees of Lun, eng Mean 
Variation Freedom Squares Squares F 


Attributable to 


regression 2 9849.91 4924.95 159.09%*% 
Deviation from 

regression 2) Sr i ales) 30.95 

Tome ZA 16567.56 


Regression Equation: 
Y= a OP ei) tt 7 oe 0.09327" 
Multiple correlation coefficient = 0.771 
Cumulative proportion of sum of squares reduced = 0.595 
Standard Error of Estimate = 5.56 ppm. 


**k Significant at .01 level of probability. 
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TABLE 18: TEMPERATURE-GAS CONCENTRATION REGRESSION ANALYSIS RESULTS 
FOR AMMONIA AT A VENTILATION RATE OF 549 CFM. 


source of Degrees of Sun of Mean 
Variation Freedom © Squares Squares Ee 


Attributable to 
regression 2 625259 3126.09 31.60%** 


Deviation from 
regression 207 2146.44 9.89 


Total 219 8398.63 


Regression Equation: 
Migs She h 2 oH 2.1 + 0.06558T° - 6.37T 
Multiple correlation coefficient = 0.863 


Cumulative proportion of sum of squares reduced = 0.744 


Standard Error of Estimate = 3.14 ppm. 


a 


‘& = Significant at .01 level of probability. 
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TABLE 19: TEMPERATURE-GAS CONCENTRATION REGRESSION ANALYSIS RESULTS FOR 
CARBON DIOXIDE AT A VENTILATION RATE OF 165 CFM. 


Source of Degrees of Sie Tee Mean 
Variation Freedom Squares Squares 3 


Attributable to 
regression 2 4910397 2455198 22 Weer 


Deviation from 
regression S201 3631069 11104 


Total 329 8541466 


Regression Equation: 
Neee —1760 8+ 937 /62Ts= 0.01461T° 
Multiple Correlation Coefficient = 0.758 


Cumulative proportion of sum of squares reduced = 0.575 


Standard Error of Estimate = 105.53 ppm. 
**& Signficicant at .01 level of probability. 
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TABLE 20; TEMPERATURE-GAS CONCENTRATION REGRESSION ANALYSIS RESULTS 
FOR CARBON DIOXIDE AT A VENTILATION RATE OF 261 CFM. 


Source of Degrees of Sum of Mean 
Variation Freedom Squares Squares iB 


Attributable to 


pegress 7 on 2 3980850 1990425 201. 84%*% 
Deviation from 

regression 327 3224643 9861 

Total 329 72205493 


Regression Equation: 


Yo = -12324.47 + 307.53T = 1.737" 
Multiple correlation coefficient =0.743 
Cumulative proportion of sum of squares reduced = 0.552 


Standard Error of Estimate = 99.3 ppm. 


** Significant at .01 level of probability. 
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TABLE 21: TEMPERATURE-GAS CONCENTRATION REGRESSION ANALYSIS RESULTS 
FOR CARBON DIOXIDE AT A VENTILATION RATE OF 549 CFM. 


Source of Degrees of Sum of Mean 
Vari ation Freedom Squares Squares E 


Attributable to 
regression 2 1634327 667163 199.6% 


Deviation from 
regression 327, 1092622 3341 


Total 329 2426949 


Regression Equation: 
Y = -6444 + 148.27T - 07327T° 
Multiple correlation coefficient = 0.741 
Cumulative proportion of sum of squares reduced = 0.550 


Standard Error of Estimate = 57.8 ppm. 


** Significant at .01 level of probability. 
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6. DISCUSSION 


Although the studies of CO. and NH, distributions were carried out 


Z 3 


separately, the results are similar and therefore will be discussed 
together. 

In this experiment, an attempt was made to simulate conditions 
existing in one pen of a piggery. The dimensions of the chamber were 
chosen to meet this objective and the ventilation rates used were of the 
same order as found in practice. The simulation of gas and heat 
production resulted in conditions which were considered to be within the 
range encountered under practical conditions. However, there were a 
number of factors which may deviate from practice. Apart from the gas 
diffusion units, no obstacles existed to the flow of air. Thus, there 
were unlikely to be areas of sluggish air movement which might result in 
accumulations of gases. Even though the lowest ventilation rate (165 cfm) 
approached that used under winter conditions, when considered on the basis 
of air change per hour (7.8), it might be considered high. This higher 
air change per hour rate may cause more turbulence within the chamber 
and thus diffuse the gases more effectively from their points of generation. 
Simulation of sensible heat production was carried out using standard data 
for pigs meatiis weight (2). However, these units,which were coated with 
flat black paint,may not have had the same ratio between the modes of heat 
transfer as that of the live animals. Neverthelcoss,temperatures measured 
in the chamber were considered representative of those found in practice. 
6.1 Mean Concentrations 

The methods postulated for removing heavy and light gases from 
the atmosphere have been discussed in the review of literature. The use 


of high or low outlet heights did not significantly effect the mean 
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concentration of either CO, or NH, under the non-isothermal heat condition. 
Under the isothermal heat condition, the low level outlet height resulted 
in an overall lower mean concentration of both CO, and NH: The higher 


outlet height did not reduce the.concentration of NH, under either heat 
condition. These results would. seem to suggest that»under isothermal 
conditions ..eduction in concentration of a noxious gas may best be achieved 
by placing the air outlets close to the site of production. However, these 
conditions rarely occur in practice. 

An example, where isothermal conditions might occur, would be the air 
Space between the surface of slurry and a slatted floor. Siting of 
extraction points beneath slatted floors has been used for some time. The 
results of this experiment suggest that there may be some merit in the 
practice. However, on a commercial scale,it would be necessary to have 
the extraction points evenly distributed around the perimeter of the 
building. to achieve any practical benefit. 

The effect of height of outlet under non-isothermal conditions was 
negligible. 

For both gases, a significantly lower concentration was found with 
the isothermal heat condition. However, a study of the outlet height x 
heat condition interactions (figures 16 and 26) indicated that the lower 
concentrations of both gases under isothermal conditions is accounted for 
by the low level outlet height. It would seem possible that the air 
movement pattern under isothermal conditions and low outlet height are 
such as to cause a proportion of the gases to move directly to the outlet 
at levels lower than 1 foot. This would imply a slightly higher concentration 
at levels below the lowest sampling height of one foot,thus accounting for 


the lower mean concentration recorded for the 55 sampling points. 
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The mean concentrations of both gases over the three ventilation 
rates displayed a very similar trend (figures 12 and 22). This effect 
of ventilation rate on the mean concentrations was due to the dilution 
effect of the increased quantities of air. 

In general, there was an increasing concentration of both gases 
with increasing distance from the inlet (figures 13 and 23). In both 
instances, the peak concentration occured in the vicinity of the gas 
diffusion unit nearest the outlet. A study of the data in Appendices III 
and IV reveals that this high concentration was due to high levels recorded 
gtethesonemroot level) over this gas (ditiusion unit. This high concentration 
may be due to an upward air movement at this point. Nonetheless, there was 
a gradual increase in the concentration of the gas from inlet to outlet. 

A number of ventilation systems currently in use in North America incorporate 
a nest of fans situated at one station. Air flows from inlets situated 
around the perimeter of the house to the fans. This air will gradually pick 
up contaminants of all forms and may adversely effect the health and/or 
performance of the stock adjacent to the fans. 

The effect of height from floor was found to be significant for both 
gases. The overall means for both heat conditions ueoced that the highest 
concentrations occurred at the one foot level and the lowest concentrations 
at the 5 foot level (figures 14 and 24). However, observation of the gas 
concentration curves in figures 31 and 37 indicates that under non-isothermal 
heat condition and low ventilation rate the highest gas concentrations 
occurred at the 7 foot level. Noren et al (27) found that in some cases the 
CO, concentration near the ceiling was twice that near the floor. They 


2 


surmised that expired CO, is at a higher temperature than the ambient air and 


2 


will thus tend to accumulate near ceiling level. Concentration differences 
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between floor and ceiling were not as great as that found by Noren. 
However, there does seem to be a tendency for warmer gases to accumulate 
near the ceiling. This phenomenon might be important in a situation 
where poultry are housed in battery cages, If 18 possible that, under 
winter ventilation conditions, the birds in the top row of cages may be 
subjected to stress due to high concentrations of expired CO, All the 
graphs illustrating the effect of height from floor show a similar trend. 
A constant gradient of concentration from source (1 foot) to ceiling was 
not found in either experiment. Thus,the theoretical Fickian diffusion 
does not hold. 
6.2 Mean Temperatures 

The effect of the independent variables on the mean temperatures 
followed the expected course. Both heat condition (H) and ventilation 
rate (V) had the most significant effect on temperature. Under non- 
isothermal conditions differences in temperature existed at different levels 
of height from floor (J) and distance from inlet (D). Significant 
difference existed between the replicates. This may be due to any of a 
multiplicity of factors , although it is considered that the most likely 
cause was a result of changes in the ambient temperature of the laboratory 
in which the chamber was located. 
Geo Multiple Regression Analyses 

The multiple regression analyses indicated that only ventilation 
rate of the independent variables was of practical importance in determining 
the concentration of either of the gases. The other independent variables, 
while contributing significantly from a statistcial viewpoint, did not have 
any practical relevance and were not included in the equation. When 


regression analyses were carréed out holding ventilation rates constant, 
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the other independent variables contributed very little. This would seem 
to suggest that some variable(s) not used in this experiment was effecting 
the pattern of gas concentrations: One variable not included in the 
experiment which might have been important is turbulence. 

The effect of turbulence on diffusivity was studied by Taylor (32) 
when carrying out meteorological research in the early years of this 
century. These theories on diffusivity were utilised by Heldman (19) 
to study the effect of turbulence on the dispersion of an aerosol in a 
food packaging area. A similar approach in this investigation might have 
revealed the reasons for concentration variations. However, the primary 
purpose of this project was to study the variations in gas concentrations 
that might exist under different ventilation conditions. 

6.4 Temperature-Gas Concentration Relationship 

In the chamber used for these experiments, both heat and gas 
production occured at roughly the same site. Transfer of heat in a still 
atmosphere by the process of heat conduction involves the transfer of 
energy by molecular movement. The diffusion of gases in a still atmosphere 
follows a similar pattern. This movement of a gas through the atmosphere 
is caused by a concentration gradient and is explained by Fick's Law. This 
however, is a much slower process than convective or eddy diffusion. 
Convective diffusion involves macroscopic or particle mixing compared to 
microscopic molecular mixing by Fickian diffusion (3). Any diffusible 
component of the atmosphere such as heat can be similarly transported by 
eddy diffusion. 

In these experiments, the temperature and gas concentrations followed 
the same general trend for the three ventilation rates. It would seem, 


therefore, that both the noxious gases and heat diffused in a similar 
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manner. The regression analyses shown in table 15 - 21 show the degree 


of relationship between these two variables. Thus, temperature may be 


used to predict the gas concentration at any point with a fair degree of 


accuracy. All the correlation coefficients are significant at the .01 


level of probability. 
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7. CONCLUSIONS 

Under the conditions of the experiments described ,the following 

conclusions are made: 

i. No practical difference was found in the distribution pattern 
of the two gases, carbon dioxide and ammonia ,thus discounting 
the theory that gases tend to accumulate in the atmosphere at 
different levels depending on their relative densities. 

2 Fick's Law of gaseous diffusion is not applicable in this 
situation over the range of ventilation rates used. 

3. The variables causing significant differences in the 
concentration of ammonia were ventilation rate, outlet 
height, distance from inlet, and height from floor. 

4, The variables causing significant differences in concentration 
of carbon dioxide were ventilation rate, outlet height, 
heat condition, distance from inlet and height from floor. 

Si In both experiments, the outlet height by heat condition 
interaction was significant. It was found that low outlet 
height reduced the concentration of ammonia and carbon dioxide 
under the isothermal heat condition. Under non-isothermal 
heat conditions the effect of outlet height was negligible. 

6. Multiple regression analyses indicated that, of the independent 
variables ,nly ventilation rate was of practical importance 
in determining the concentrations of carbon dioxide and ammonia. 

7s For both gases the correlation coefficients between temperature 
and gas concentration at the three ventilation rates were highly 
significant. Regression equations for the prediction of gas 
concentration using temperature as the independent variable 


were presented. 


‘Th nvet? ‘bY noeLt 


bad &. 


3 is S 3 i 
: aE 
b M y 
: . + et ae ok 
yo toy a4 fidestlags stom Sf MoOLeUTIID 200 SBL3 to Wid s'torl 
+. 
| : P 
bea eotes notislitasy to sxapa sdt¢ Yavo AoLyeytTte 
& 
. ps © mo io wry ‘> r 
Sr 1s rtib Jase LT cas ITLSUBO CSLaGsSliby i 
7 
teitue , ex mortel ss ¢ - mM 5 foLisisresteo a 
: inren bn ‘afert matt eacneterb tigted 
IO Mons INSLlSeo DOB ~.4vo Molt Sone Ses -¢ tat 
PB 
+ : —~ * . : - ¢ say i ae i. 
NnoLsewmsonoo sons1sttib tnpoltingle BO Leav5o eSlcsigey Say of 
3L 357 
' 7 
: [tuo (ster noitslitasvy esrew sbixoip modaso tov Z - 
° . » a) 
- - Tool ort tdvted bos telat mort somsteib ,.notiibne teen 
=A “4 7 
bed . 
- forts > tesed vd tdytsed teituo sn étnamineoe dated ai % 
c r + - > w rt f } er + r 
realgg we ms, DIO Ww 3 f IVIS 5W HOLVSOSIeTAL ~ 
mS 7 . 
* 
‘ t r mer r { mh ernth ae te ¢ a » 
SHrxeolLp rye eat Ciro! > fT i Tf S(1OD Sj 7 io) ORD St x gis 
lemre ei-non webat Ao bao tssii Lsaterntocl ely sehay ~~ 
. 
sbidigilass 25h ted telIuo 93 odd enokthbaco tse) id - 
i 
: ‘ ~ 
, } apes 
tasboeqsbit. sit to -tait Batfroibat 2ecayisns nopecsapex siqisnwe as 
t 7 
; e - 5 -_— -- = L — * othe cal , or 
Sones Togm ijoni¢ to «AW ster cotselitasv ying, olde tem a 


-Binonm boe eabixot! 


cae cil Be 


yidgin stew estes 


288 Io nottolbst¢ sv tot 


ofds insv tasbhastebai sit 


7 


HoOitelitnoy gedit edz ae co tessnvonee on fe 


A gout 
e : 
] 
~ 
4 a: 

4 ) 

: i ts 7 
et 7 et t 


i tudtytetb sq¢ ot Broot esw soueisttip noi 


sitnopelb « audi, sin@nme bis abixoib mods, 368 | awd sdt to 


BISamMey ASsswisd 


’ *, yn 7 as —— . ’s 
rt¢sisy thadt mo saiboeqsb efleval Jas ett sb 


i stelumoss ot Sast senba Beds yrosdtt sat: 


todis2 to anoettvertasenos saz aninimnereh ak : 
: 7 ime +a 


etnies io iti 900 ccitsteastoo snlt < 0828 dood at + v 
o : 


NEO 


die 


Ze 


a 


14. 


LS. 


80 


8. BIBLIOGRAPHY 


Alberta Department of The Attorney General. 1968. Inquisition 
No. Inq./7176, Cor./A - 62. Edmonton, Alberta. 


American Society of Agricultural Engineers. 1969. Agricultural 
Pngineeres yearbook. .A.S.A.E., St. Joseph, Michigan. 


American Society of Heating, Refrigerating and Air-Conditioning 
Engineers. 1967. Handbook of Fundamentals. A.S.H.R.A.E., 
New eVOrk. me Dewbo. — /3.. 


Anderson, D.P., C.W. Beard and R.P. Hanson. 1964. The adverse 
effects of ammonia on chickens including resistance to infection 
with Newcastle disease virus. Avian Diseases, 8: 369-379. 


Baxter, S.H. 1969. The environmental complex in livestock 
housing. Farm Building Report No. 4. The Scottish Farm Building's 
Investigation Unit, Aberdeen. 


Beckman Instruments ,Inc. 1968. Models. 215A, 315A and 415A 
infrared analyzers. Beckman instructions 1635-B. Beckman 
Instruments Inc., Process Instruments Division, Fullerton, California. 


Berglund, S., G. Aniansson and I. Ekesbo. 1965. Liquid manure 
handling. Swedish Institute of Agricultural Engineering, Bulletin 
No. 310. Upsala; Sweden. 


Blaxter, K.L. 1962. The Energy Metabolism of Ruminants. Hutchinson 
Scientific and Technical, London. 


Boothroyd, A. 1966. Carbon dioxide poisoning in pigs. Vet. Rec. 
(hehe Oe MAE 


Canada Department of Agriculture. 1967. Proceedings, Work Planning 
Meeting, Dairy and Beef Cattle Research. Ottawa. p. 143. 


Crarles,eUak. and CaG. Paynes. (Joo. ihe influence vor graded levels 
of atmospheric ammonia on chickens. Brit. Poult. Science, 7: 
ee LL 


Clark, J.W. and W. Viessman Jr. 1965. Water Supply and Pollution 
Control. International Textbook Co., Scranton, Pennsylvania. 


Comberg, G. and M.F. Wolfermann. 1966. Further investigation into 
the problem of harmful gases in the atmosphere of slatted floor 
piggeries. Bauen a.d. Lande. 17: 46 - 49. 


Dukes, H.H. 1955. The Physiology of Domestic Animals. Comstock 
Publishing Associates, Ithaca, New York. 


Easton, M. 1968. Analysis of variance library programme, C.S.017. 
Department of Computing Science, University of Alberta, Edmonton. 


- ; +, . YHEATD ; 01 ia18 i “8 | 
noivtetupnl 6aen- coat xgatos3h off "Re ‘a 
pared DA { aothomba ‘(83 5 A\ 262 


fnaistoseegh “REPL ersenigal carat Ye pale 
-argtioly plgeedL te fads KR. " : 


gninots aod —aiA ae galtstegict o1 -giplalt hs shoo? pee ee 
..d.A.aH,e.A -eletaemsbau'l to doodbstsit. ie -eresnigag = 
; t= . 23 ay oY a uy 


9927 3aVb5 eri) RCL indkcett TA bas breok De) ’ “4. gq _ooerebaA 
doitostat of sonstatess gaibdlonl enoxotds no siaoais to 2 ) 


“ete+ose “8 ,escesel@ nsivA eur Ey oens2ih altesowsl ashw 8 
s [ me 
\ * i i, 
jootaevil ni xelqmbo Isettemmotivas ont e8ek .H.2 —- ae ue 
ei garbl fd mys daittoo2 efit .4 .of Progen anibl iva opi .goievod 
-nssheodh , thn noljsgiteeval = 
; ° 


‘Mali bow AGIE ,ABIS efsboY 830L ) socal, siagmrateat asloed- 8 


nsmioed .8-2081 snoltourieni timigsd .eveayinas besertak © 7) 
sBinwotifed ,notrelisi ,soleivid etoomrtent eescord , oat asmomss ant ae a 
E esas biupit .cael odessa .t Bs nozeneind 1.2 ..2 -bavlgred at eo 
ditelich ,gaixesentgad Ls Td lvuoingé. to stutiteal defbewe »goitbasd : ‘ mi 
| .cabew2 ,eiseqU .0f6 .of eben 
‘> oan 


ndenidotuH .2tasaimut to meilodsteM ygrena onT Seed le ytetasle BO 
) -tobnol ,iéotados? Bas. oii bimekoe ya es 


joel .teV> scatq Al aninosiog ebixeib modxsD .600L A seclae ec 
| x .Ory 78T 
gitthasld AoW ,spgibssootd .1del .exurivobaga 0 tremtusged sbsasd OL 
.oUl .q .Swett0- oe eltts® tees bas yrist <zaisool r 
elevel bebsrg to soneultat sat 302! one’ 2.0 bee 9.0 , zelisi) it 
' 20 ,sonetoe .tived .ticd .enedtoids no Simomms ar Ip: _ 
: - | , 7 : - 

potiuito4 brs -viqque texeW J208E RT demessiV .W bos .W.l .ieeld 

-Sidsviyents? ,ootnsto8 , 09 NoodsxsT fsnolisdsoar ecaael 


otai nolfesitesval wedrwt .dael Asim SALON 1M Bow 24 3 
) MOoLt gee to svegeomts ait mi éseeg te one a ae . i 
ae: OH = BH EL Sale ef 


pepe -efemina sitesmo? to ygolotsyadodt 
stro wal a 2 


— 


RLOS@ ao ona yrsrdEel peer ry 
“ne ovndmbs 


Gr 


aT. 


13" 


Lo. 


20 


Bile 


22 


Pash 


24. 


20 


Zor 


2d 


28. 


Zo". 


30. 


81 


Goff, J.A. 1949. Standardisation of thermodynamic properties of 
Mots tat Pas AS HV. bpansacwrons:, 551. AGS: 


Grobben, G. 1970. Stepwise multiple regression library programme, 


C.S. 101. Department of Computing Science, University of Alberta, 
Edmonton. 


Hammer, W. 1964. Manure storage and disposal in piggeries with 
eletted 1 1Oops. Proceedingshofme:= .Geho,.balsanne, 2: 563 — 571, 


Heldman, D.R. 1968. Relationship between aerosol dispersion and 
air turbulence in a food packaging area. Paper no. 68-372 presented 
at the A.S.A.E. Annual Meeting, Logan, Utah. 


Hilliger, H.G. 1966. Formation of gases in poultry houses from 
deep litter and dropping pits. Arch. Géfitigelk. , 30: 69 - 86. 


Hogsved, O. and P. Holtenius. 1968. Liquid manure gas poisoning. 
Paper presented at World Veterinary Conference, Opatija, Yugoslavia. 


Hudeksue.).  196/. Auslotted Tloorscontinement system for beer. 
Paper No. 67-403 presented at the joint CSAE/ASAE Meeting at 
Saskatoon, Saskatchewan. 


Jorgensen, R. 1961. Fan Engineering. Buffalo Forge Co., Buffalo, 
Nai ge Chapter, Ji. 


McAllister, J.S.V. Gases from dung underslats. Farm Buildings 
No. 11: 23 - 24, May-June, 1966. 


Meniiaster,«J.o.V. and U.E. MeQuitty. = 1960. “Release of gases (from 
slurry. Rec. Agric. Res. Min. Agric., N. Ire., 14, Part 2: 73 - 78. 


MeCabe, W.L. and J.C. Smith. 1967. Unit Operations of Chemical 
Engineering. McGraw-Hill Book Co., New York. 


Noren, 0., S.U. Skarp and G. Aniansson. 1967. Recent Experiences 
from J.T.I.'s studies on the manure gas problem. Swedish Institute 
of Agricultural Engineering, Upsala, Sweden. Circular No. 20. 


Payne, C.G. 1966. Environmental temperature and the performance 
of light breed pullets. Proc. 13th World's Poultry Congr., 
Kiev, p. 480 - 485. 


Silver, $.D. and E. Arsenal. 1946. Constant flow gassing chambers. 
Journal of Laboratory and Ciinical Medicine. 31: 1153 - 1161. 


Stombaugh , DePowwHeoesléague and Wal. Roller.) 1969. Effects of 
atmospheric ammonia on the pig. Journal of Animal Science. 
28: 844 - 847. 


8 
to alas q oimeaybomseds | a 
bs cow 3 


SUMS YS EG yer aokesonge sightivm satwgese | 
" -esredlA jo yiierevial . sonoiee qaituqmod 


dttw estasgziq of ieseqet6 bos Ppt ngage 


AVE gee <f eoaneyy ,ias0+1.9 A 
bos riekertaqe tb tozdres asowted cudeipings 066, ha ed ra 
betngsetg i ita ,on reqsd  .69%s Rippon oe 5 AL of 
. «fisa) waeaee, .gnissee feud Beh. Boh co pict ae 7 “a 
: - se Tia) 
mont eearolt yrtivog al ase5s tc no teegiea «0.8 28 .0S - 
.o8 - @@ 106 , -rXLegtttse -foth =. astg oe bas testil a 
as 
i 
«pfinoeieg ess smilsm buon .a0L .augmetiol .t Bas .0 bevay ts re 
-pivelaogey eSCiT8O0 « ssastetnod ‘mantaerey bitoW Js Satvasasrtg as 
ah. 


“ised “ot mateve themonitnos foolt petiofe A NOBEL .9.9, 
36 gnitest ahBANGAZO toot edy Je-betneseyq S08-Ve off 
) ) -npwedoJeAane ¢ 


Levine, .o) sgxot olstivd spoltsenigad asi Lael A, meen ff £8 aa 
; ae Ds er 4 ; AX 


atale reba stub mort ese  <Vse.b noten saat HS he 
. ,gaeL <enuL-yas , #8 - BS sah +o r . 


ve . 
oo 


hort 26263 30 sesolol cael -yttinfeM »a-b Drs V.g.l cxetebitiomt 28° — 
“BY = €% :$ 5549 etl . etl 5 ear OLrsA ree a »aoA -Dirraa sat a 7 _ 


zpoamet) to anoits19q0 tin) .VaeL .dtime .o<b Bae «1 W _edsdo 
plaoY well ,.02 tool PLii-weadom gairoenigad ae 


egnibiiva msi 


esonsivegxd t1909H SACL -fozensimA .o Das atAle Ane. er ats oa 
atutitenl delbow2 .maidoxq 263 exvopm sit do seihure a! t.% " ; 
08 .of veLyorto .obowe seheege .goitsed tga’ LetwitLus, , 


gonsmiotisq eft bos swteteqmet Lad aon ive A08L O89 ¢ 


TBO yativod e'biioW dtéi food iin se 


ig 


-exedmsis aaiaesy see tnoetenod. -.d#0l «Dense 

MOLL = Beit | <onlotbeut = =s0iat pare 

to asoexy {2881 | si loA oe W . 
-eoqeiog feminA to Lsaael 


Silke 


O26 


33. 


34. 


Sole 


82 
Taiganides, E.P. and R.K. White. 1969.. The menace of noxious 


Beases inewantmal units... Transactions A.S.A.E., 12: $59 - 362, 367. 


Taylor, G.i 1922. Diffusion by. continuous movements. Proc. 
London Math. Soc., Ser. 2,. 20¢196. 


PUrne reece wand i,k. Davie. LOG) A Ventilating system tor 
high density housing of poultry. Paper No. 67-942 presented 
at A.S.A.E. Winter Meeting, Detroit, Michigan. 


Webster, A.J.F. 1969. Private Communication. Department of 
Animal Science, University of Alberta, Edmonton. 


Wooley, J.C. 1946. Farm Buildings. McGraw*Hill Book Co. Inc., 
New York, p. 146 - 147. 


ee “st pA: ce ano linsensa? «42 


Wy. 
pod ‘einantien aUOU petdthepees vd aun al 
an ae Sone O BeLtOR — °y 


Pe» aM fy 
wo _ 


e464 


a to 


7 aan tot meseye patel i itasy A™~ .VaeL -sived Hf # Bas MD 
‘Betmeesta S Sue-Ta Lott qeqed .yrtiog eee weed hades a 
te! cues qifoiM .siovisl eyoitast asd min: .d. AL2.A 
a j 7 Br: 


ao. sasortts gel .eoltso taumao? etevied /P8GL .3.beA 


x 
<oinemha..efrsdlA to yi ber reven 2 99408 fod 


¢ 201 .0D dood Ifit=wetdoM .épgeatbilod oeet .gvO@l — .d.b- -vatoow 
. ' vel = @4f .q . weoY well 


9. 


APPENDICES 


83 


; é 
© -, hy 
oT 
a 
\ 
oe 
\ 
: ea0TOWaadA .2 
; 
ia 
1 % 
’ 
L i i 
— 7 ; | = ; 
4 % ue 
; ae 
rod ie 


APPENDIX I 


84 


DETAILS OF FAN CAPACITY MEASUREMENT 


Procedure used has been described (23) and was carried out as 


iO LILG SS 


a 


For each setting, 10 horizontal and 10 vertical readings 
of velocity pressure were taken. Average velocity pressure 


was calculated from 


ee eo 


\ j 
- , ie x1" ° e ° | VP 00 9 
xX 20 
where Nie = Average Velocity Pressure 


Total extraction rate was then calculated from the following 


formula: 


CFM = 1096.5 A eat 
Xx XY oe 


where CFM = Volume Rate (ee nines) 


A Area of Duct at point of measurement Gee) 
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Air Density (.674 py ee) at 70°F and 50% R.H. 


Results obtained were 
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Heat Condition 
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APPENDIX III 


AMMONIA CONCENTRATIONS 

Ammonia concentration data collected for all the combinations 
of the independent variables are presented in the following pages. 

In the heading to each section, the Run and Replicate number 
are given. The Run number corresponds to the Experimental Run number 
in Appendix II. Concentration values are in ppm. 

The columns in each section correspond to the distances from 
inlet and the rows to the heights from floor. Every other column is 
given its appropriate heading of distance from inlet (inches). 
Reference may be made to Figure 10 for the column headings not included. 
The rows in each section correspond to the heights from floor. 
Starting at the top row these correspond to the one foot, two feet, 


three feet, five feet and seven feet heights from floor. 
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APPENDIX IV 


CARBON DIOXIDE CONCENTRATIONS 

Carbon dioxide concentration data collected for all the combinations 
of the independent variables are presented in the following pages. 

In the heading to each section, the Run and Replicate number are 
given. The Run number corresponds to the Experimental Run number in 
Appendix II. 

The columns in each section correspond to the distances from inlet 
and the rows to the heights from floor. Every other column is given its 
appropriate heading of distance from inlet (inches). Reference can be 
made to Figure 10 for the column headings not included. The rows in each 
section correspond to the heights from floor. Starting at the top row 


these correspond to the one foot, two feet, three feet, five feet and 


seven feet height from floor. 
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APPENDIX V 
TEMPERATURE DATA (AMMONTA) 

The temperature data collect during the experiment with ammonia 
for all the combinations of the independent variables are presented in 
the following pages. In this case only Replicates two and three are 
presented. 

In the heading to each section, the Run and Replicate number are 
given. The Run number corresponds to the Experimental Run number in 
Appendix II. 

The columns in each section correspond to the distances from inlet 
and the rows to the heights from floor. Every other column is given its 
appropriate heading of distance from inlet (inches). Reference can be 
made to Figure 10 for the column headings not included. The rows in each 
section correspond to the heights from floor. Starting at the top row 
these correspond to the one foot, two feet, three feet, tivewteet. and 
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APPENDIX VI 
TEMPERATURE DATA (CARBON DIOXIDE) 

The temperature data collected during the experiment with carbon 
dioxide for all the combinations of the independent variables are 
presented in the following page. 

In the heading to each section, the Run and Replicate number are 
given. The Run number corresponds to the Experimental Run number in 
Appendix II. 

The columns in each section correspond to the distances from inlet 
and the rows to the heights from floor. Every other column is given its 
appropriate heading of distance from inlet (inches). Reference can be 
made to Figure 10 for the column headings not included. The rows in each 
section correspond to the heights from floor. Starting at the top row 


these correspond to the one foot, two feet, three feet, five feet and 


and seven feet heights from floor. 
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eee i REPLICATE 1 yy 

gteee 8 Fitss5 * $132.5 * 91.5 * 50.5 * 15.40 
5 82.5 ) 85,5 Ti. i re 
Ttae tiee 60.0 (7.0 77.5 T6eS T7.S 15.5 7520 (70 74.6 
Jae0 fee £8.45 77.5 (7.5 T6.0 T6.0 717.5 77.0 76.5 78.0 
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RUN 3 REPLICATE 1 
i! Ee eee oe Ee © oe) ee a) ee a 13.2.0. 
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RUN 7 REPLICATE 1 
we ihed © itaer* .132.5...8.. 9ind....¥ 90.3. %.. 1300 


7500 75.5 75.5 75.0 7500 74.0 1405 14.5. 14.5. 1400 73. 
PUN 7 REPLICATE Ee 
218.0 * 173.5 * 132.5 * 91.5 * 50.5 * 15.0 
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74.5 75.5 76.5 75.0 74.5 74.5 74.0 72.5 71.0 71.5 72. 
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42.0 Faee 15-5 73.0 F360 73.5 74.5 13.5 £3.25 74-5 13-5 
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74.5 76.0 74.95 74.5 75.5 75.0 73.0 T2245 T1.5 F200 72.5 
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RUN 9 REPLICATE 1 
Si0s0 * Lak... * 33205. %.. Glad.* 1 ae 13.20 


92.5 Weal 79.0 73.073 
RUN 9 REPLICATE 2? 
2138.0 ce 173.5 x 132.5 Me 91.5 > 50.5 ue 15.9 


eee reek Somme gees ae an eee eee en ee 
7225 74.60 80.0 75.0 74.0 72.5 70.5 70.5 71.0 71.5 71.5 
72.8 72.5 72.65 73.0 71.5 F200 TL.0 72.6 7I.5 72.0 72.0 
mt oe toe 13-25 12 8 2.19.05 
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348.0 © 173.5 * 132.5 * 91.5 * 60.5 * «15. 
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RUN 11 REPLICATE 1 
a ee ee eee ee ea SD. Hn Oe 8 15.0 
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73.0 14.0 81.0 76.0 78.0 74. 


1365 T3aSe Tae SD 72.0 74.0 72.0 72.5 71.5 7 
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